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This  collection  presents  research  results  obtained  In  the  foremost 
laboratories  of  the  Soviet  Union  working  on  the  problonof  hypoxia  and 
adaptation  of  the  organism  to  It. 

Among  other  matters,  the  volume  Illuminates  questions  of  the  com¬ 
parative  physiology  of  adaptation  and  acclimatization  of  the  organism 
to  the  hlgh-mountaln  climate,  contemporary  concepts  of  the  significance 
of  the  cell  chemical  mechanism  In  the  process  of  adaptation  to  hypoxia, 
are  set  forth,  and  data  t^re  presented  on  the  Importance  of  hypoxemia  In 
the  pathology  of  the  childhood  years  and  the  role  of  the  age  factor  In 
the  reaction  of  the  organism  to  hypoxia. 

New  facts  are  also  ccxnmunlcated  concerning  the  Influence  of  hypox¬ 
ia  on  the  propagation  of  stimuli  in  the  motor  regions  of  the  brain,  on 
the  Influence  that  It  exerts  on  bioelectric  activity,  oxygen  partial 
pressure  and  the  energy  indicators  of  the  cerebral  cortex  and  subcorti¬ 
cal  formations.  The  problem  of  regional  oxygen  Insufficiency  and  the 
importance  of  this  problem  in  the  development  of  myocardial  Infarct  are 
examined.  Light  Is  also  cast  on  the  problems  of  oxygen  starvation  and 
the  mechanisms  that  compensate  It  In  heart  failure.  The  question  of 
foundations  for  the  diagnosis  of  hypoxic  states  Is  raised. 
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COMPARATIVE  PHYSIOLOGY  OF  ACCLIMATIZATION  TO  THE  CLIMATE 

OF  THE  HIGH  MOUNTAINS 
N.N.  Slrotlnln 
(Kiev) 

Over  a  number  of  years,  we  have  studied  adaptation  to  hypoxia  In 
the  aspect  of  canparatlve  physiology.  In  our  papers*  we  have  noted  an 
Increase  In  sensitivity  and  a  decrease  In  resistance  to  oxygen  Insuffi¬ 
ciency  as  the  organism  develops  In  both  the  phylogenetic  and  ontogene¬ 
tic  senses  and  the  resulting  amplification  of  the  mechanisms  for  active 
adaptation  to  hypoxia.  It  would  be  of  Interest  to  cast  light  on  the 
analogous  problem  In  acclimatization  to  the  climate  of  the  high  moun¬ 
tains,  since  this  would  c]a?lfy  the  capacity  of  the  human  organism  to 
adapt  to  the  hypoxic  states  that  arise  so  frequently  over  the  course  of 
Its  lifetime. 

For  this  purpose,  we  have  collaborated  with  G.A.  Leont'yeva  over 
the  past  nine  years  In  translocating  representatives  of  all  classes  of 
vertebrates  from  Kiev  to  various  altitudes  on  Mount  El'brus.  The  am¬ 
phibians  taken  there  Included  55  frogs  (Rana  esculenta)  and  20  toads 
(Bufo  vulgaris);  among  the  reptiles,  we  selected  lizards  (Lacerta  vlrl- 
dls)  and  Monitors  (Varanus  grlseus),  20  Individuals;  grass  snakes 
(Tropldonotus  natrlx),  6  Individuals;  racers  (Zamenls  gemonensls),  5 
Individuals,  and  bog  turtles  (Emys  orbicularis),  45  Individuals.  The 
birds  taken  for  the  experiments  were  45  chickens,  10  turkeys,  4l  duckG 
and  10  geese;  the  mammals  were  10  hamsters  (Crlcetus  crlcetus),  35 
gophers  (Cltellus  susllcus),  40  guinea  pigs,  60  laboratory  rats;  80 
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laboratory  mice;  20  rabbits;  6  goats,  25  sheep,  2  suckling  pigs,  i  Him¬ 
alayan  bear  (ifraus  tibetenus),  3  cats  and  18  dogs.  Also  observed  from 
time  to  time  ifere  120  humans  »  participants  in  the  expedition  and  test 
subjects.  Sobs  of  these  vere  at  high  mountain  altitudes  for  the  first 
time  in  their  lives,  irtlile  others  had  been  there  several  times  over  10 
years  and  more;  I  personally  was  in  the  mountains  for  the  first  time  27 
years  previously. 

The  investigations  were  carried  out  at  Kiev  (Altitude  100  q)  and 
at  various  altitudes  on  El*brus:  Terskol  (2100  m),  Novyy  Krugozor 
(3000  m),  the  105th  Plket  (3400  m),  Ledovaya  Baza  (3700  m),  and  the 
llt^  Prlyut  (4200  m).  We  studied  respiration  (frequency,  depth,  pulmon¬ 
ary  ventilation),  blood  circulation  (pulse  frequency,  electrocardio¬ 
grams,  and  for  the  humans,  blood  pressure),  the  blood  picture  (hemoglo¬ 
bin  cmtent,  erythrocytes,  reticulocytes),  as  well  as  the  oxygen  satur¬ 
ation  of  the  blood;  other  Investigations  were  also  undertaken  In  addi¬ 
tion  to  the  above. 

The  studies  were  conducted  on  the  second  to  third  day  of  the  altl- 
tude  sojourn,  after  3-10  days  since  it  had  begun,  and  after  extensive 
acclimatization  of  the  animals  (gohpers,  chickens,  ducks)  that  were 
left  on  El'brus  for  a  year  or  more.  In  some  of  the  animal  species  and 
In  some  of  the  humans,  we  Investigated  the  blood  after  the  return  to 
Kiev,  nie  closest  attention  was  given  to  the  humans  and  the  least  to 
the  small  animals.  In  idilch,  due  to  technical  difficulties.  It  was  not 
possible  to  devote  thorough  study  to  all  of  the  Indicators  named  above. 

Results  of  Investigations.  We  were  unable  to  datect  active  adapta¬ 
tion  In  the  form  of  Increased  frequency  and  depth  of  respiration  and 
acceleration  of  cardiac  activity  at  altitudes  of  2100  m  and  above  among 
the  cold-blooded  animals.  Nor  were  we  able  to  note  a  consistent  In¬ 
crease  In  the  quantity  of  hemoglobin  or  the  number  of  erythrocytes  and 
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reticulocytes.  In  seme  experiments,  these  Indicators  were  observed  to 
Increase,  most  frequently  among  the  frogs  as  ccxnpared  to  the  other  ex¬ 
perimental  animals,  but  It  was  found  subsequently  that  this  was  a  func¬ 
tion  of  blood  thickening  due  to  Intensified  excretion  of  moisture  from 
the  surface  of  the  skin  at  mountain  altitudes.  A  certain  tendency  to 
active  acclimatization  was  observed  among  the  racers.  Experiments  of 
the  same  type  were  conducted  by  L.V.  Bogdanova  and  N.M.  Shumltskaya. * 
These  authors  obtained  similar  data. 

The  absence  of  active  acclimatization  to  the  hlgh-altltude  climate 
among  the  cold-blooded  animals  Is,  in  our  opinion,  to  be  accounted  for 
on  the  one  hand  by  the  fact  that  in  the  lower  animals,  vital  activity 
can  proceed  to  a  considerable  degree  by  anoxyblotlc  process  and,  on  the 
other,  to  the  fact  that  the  reactivity  of  the  cold-blooded  animal  or¬ 
ganism  to  the  Influence  of  many  different  kinds  of  disturbances  Is  less 
pronounced  than  In  the  case  of  warm-blooded  animals,  l.e.,  they  are 
more  stable,  as  we  have  noted  In  print  on  more  than  one  occasion  (1950, 
1951,  1952). 

TABLE  1 

Frequency  of  Respiration,  Number  of  Erythro¬ 
cytes  and  amount  of  Hemoglobin  In  the  Blood  of 
Ducks  at  Various  Altitudes 
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TABI£  1  (COeiT') 

1)  Kiev  (100  b):  2)  Ledovaya  Baza  (3700  m);  3)  blood;  4)  respiration 
(per  minute);  3)  hesoglobin;  6)  after  Sahll;  7)  number  of  erythrocytes 
(In  thousands);  8)  Increase  in  number  of  erythrocytes  (in  thousands). 

In  the  birds «  the  hl^ •mountain  climate  produces  more  distinct 
changes  In  respiration  and  blood  clrculatlcui^  and  acclimatization  to 
the  climate  Is  accompanied  by  an  Increase  In  the  amount  of  hemoglobin 
and  the  number  of  erythrocytes.  In  ducks «  It  was  possible  to  observe  a 
certain  Increase  In  respiration  rate  and  a  minor  Increase  In  the  blood 
hemoglobin  content  even  at  the  altitude  of  2100  meters^  while  In  cer¬ 
tain  cases  the  number  of  erythrocytes  also  Increased.  Among  the  chick¬ 
ens,  we  did  not  observe  consistently  expressed  criteria  of  active  ac¬ 
climatization  at  the  2100-ffl  altitude.  At  the  altitude  of  3700  m,  both 
the  ducks  and  the  chickens  showed  Increased  respiration  rates,  an  In¬ 
crease  in  the  amoung  of  hemoglobin,  and  a  greater  number  of  erythro¬ 
cytes  (Tables  1  and  2).  The  depressed  erythrocyte  content  In  the  blood 
of  the  chickens  Is  apparently  to  be  accounted  for  by  their  Immaturity, 
Approximately  the  same  shifts  In  the  blood  Indicators  were  alsc  noted 
In  the  geese  and  turkeys. 

As  we  know,  birds  that  live  In  the  high  mountains  all  the  time  are 
distinguished  by  their  adaptation  to  hypoxia  from  birds  whose  habitat 
Is  the  lowlands.  Thus,  Shtrol  observed  as  early  as  1910  that  the  rela¬ 
tive  weight  of  the  heart,  and  particularly  that  of  the  right  ventricle, 
was  greater  In  alpine  partridges  than  In  ordinary  partridges.  According 
to  Hall,  Dill  and  Barron  (1936),  the  hemoglobin  of  birds  of  the  high 
mountains  has  a  greater  affinity  to  oxygen  than  the  hemoglobin  of  birds 
whose  habitat  Is  the  lowlands. 

The  adaptatlcwi  mechanism  of  birds  Is  less  distinctly  expressed  In 
hypoxia  of  short  duration.  Thus,  Khlstend  and  Rendoll  (1941)  were  un¬ 


able  to  detect  Intensification  of  respiration  during  oxygen  Insuffl- 


TABLE  2 


Respiration  Frequency,  Number  of  Erythrocytes 
and  Amount  of  Hemoglobin  In  Blood  of  Ducks  at 
Various  Altitudes 
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1)  Kiev  (100  m):  2)  Ledovaya  Baza  (3700  m);  3)  blood;  4)  respiration 
(per  minute);  5)  hemoglobin;  6)  Hall,  Dill  and  Barron;  7)  number  of 
erythrocytes  In  thousands);  8)  Increase  In  number  of  erythrocytes  (in 
thousands )• 


clency  In  Mallards,  house  sparrows,  starlings  and  domestic  pigeons.  We 
were  also  unable  to  detect  any  distinct  Intensification  of  breathing 
due  to  hypoxia  when  chickens,  ducks  and  geese  were  placed  In  the  low- 
pressure  chamber,  although  we  did  observe  both  accelerated  respiration 
and  an  Increase  In  the  depth  of  respiration  In  these  same  species  of 
birds  at  altitude  In  the  mountains.  Apparently  this  disagreement  In  the 
results  Is  to  be  accounted  for  by  the  presence  of  auxiliary  air  cavi¬ 
ties  In  the  birds;  during  short-term  hypoxia  In  the  low-pressure  cham¬ 
ber,  the  birds  use  the  air  reserve  In  these  cavities;  under  prolonged 
hypoxia  In  the  mountains,  the  partial  pressure  of  the  oxygen  In  the  air 
sacs  becomes  equal  to  that  In  the  external  atmosphere,  so  that  the 
birds  experience  more  severe  oxygen  starvation  and  adapt  to  It  by  in¬ 
tensifying  their  pulmonary  ventilation  (Fig.  1). 

Among  the  mammals,  those  Investigated  In  greatest  detail  as  re- 
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gards  acclimatization  to  hypoxia  were  the  white  laboratory  mice;  in 
these  animals,  we  regularly  observed  an  Increase  In  the  number  of  ery¬ 
throcytes  and  the  hemoglobin  content  both  at  mountain  altitudes  and  un¬ 
der  the  conditions  of  the  low-pressure  chamber  (Slrotlnln,  193^«  1936, 
193B,  1940).  However,  It  Is  difficult  to  use  them  In  a  comparison  with 
the  results  of  acclimatization  experiments  run  on  other  animals,  and, 

In  view  of  this,  we  have  recently  been  conducting  the  Investigations 
simultaneously  on  ^rlous  species  of  mammals.  Since  we  are  unable  to 
present  the  results  of  all  of  our  investigations,  since  they  would  oc¬ 
cupy  too  much  space,  we  note  only  that  In  all  of  the  mammals  studied  we 
found  an  Increase  in  tte  hemoglobin  c<xitent  and  erythrocyte  count  of 
the  blood  In  hlgh-mountain  accllmatlzatl<xi,  but  this  was  not  expressed 
to  the  same  degree  In  different  species.  The  Increase  In  these  indica¬ 
tors  depends  cm  many  condltlcms,  and.  In  particular,  on  how  quickly  the 
animals  are  brought  up  to  the  mountain  altitudes  and  how  long  they  stay 
there.  Table  3  shows  the  Increase  In  the  number  of  erythrocytes  and  the 
hemoglobin  content  In  the  mice. 

We  obtained  approximately  the  same  results  In  the  experiments  on 
the  white  laboratory  rats.  An  Increase  In  the  oxidation  jurface  of  the 
blood  when  rats  were  acclimatized  to  hypoxia  had  been  noted  by  Ye.M. 


iii^unJVuvu\JL^L^u\nJ^^ 


Fig.  1.  Pneumoxrams  of  a  duck.  1) 

At  Kiev  (ICX)  m);  2)  at  Ledovaya 
Baza  (3700  m);  3)  time  marker  (4 

sec). 

Kreps  et  al.  (1956)  and  Khenken  (1958). 

We  shall  dwell  In  somewhat  greater  detail  on  the  investigations 
run  with  sheep,  since  there  are  certain  departures  between  our  results 
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TABLE  3 

Number  of  Erythrocytes  and  Hemoglobin  Cwitent 
In  Blood  of  Mice  at  Various  Altitudes,  Slow 
Ascent  (after  10-day  sojourn  at  Altitude  of 
2100  m) 
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1)  Kiev  (altitude  100  m);  2)  Terskol  (altitude  2100  m);  3)  105th  Plket 
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and  those  of  the  literature.  Hall,  Dill  and  Barron  (1936)  observed  an 
Increase  In  the  hemoglobin  content  and  erythrocyte  count  In  sheep  in  an 


ascent  through  the  Andes  from  sea  level  to  2800,  4710  and  5340  m.  .A.G. 
Glnetslnskly  and  Z.I.  Barbashova  (1942)  found  that  the  oxygen  capacity 
of  the  blood  In  mountain  Glssar’  sheep  was  lower  than  that  In  lowland 


sheep,  and,  on  this  basis,  advanced  the  hypothesis  that  the  mountain 
sheep  adapt  to  hypoxia  by  changing  their  tissue  processes.  The  same 
view  has  been  taken  by  R.P.  Ol'nyanskaya  (1949),  K.M.  Bykov  and  A.D. 
Slonlm  (1949).  A.P,  Zhukov  and  V.A.  Kozhevnikov  (1947)  and  I.M.  Arav 
nd  Ye.P.  Smollchev  (1947)  noted  a  slight  Increase  In  erythrocyte  count 
and  a  decline  In  the  hemoglobin  content  when  Pamir  sheep  were  brought 
the  Glssar'  and  Darvaz  mountains.  However,  N.N.  Bulatova  (1953)  found 
that  Central  Aslan  mountain  sheep  not  only  had  more  hemoglobin  than 
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TABLE  4 

Increase  In  Erythrocyte  Count  and  Hemoglobin  Content  in  Blood  of  Kiev  and 
Mountain  Sheep  Under  the  Influence  of  the  Hlgh-Mountaln  Climate 
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lowland  sheep,  but  also  more  blood.  N.N.  Bulatova  (1953)  and  P.A.  Kor- 
zhuev,  and  I.S.  Radzlnskaya  (1957)  observed  an  Increase  In  hemoglobin 
content,  erythrocyte  count  and  hematorcit  number,  averaging  205^,  In 
sheep  and  cows  when  they  were  driven  to  their  summer  pastures  In  Dages¬ 
tan  at  altitudes  of  2000-3000  m. 

In  1959#  we  studied  10  fine -fleeced  lams  of  the  Kiev  region,  which 
were  taken  to  the  heights  of  El'brus.  There,  at  the  "El'brus”  collec¬ 
tive  farm,  we  acquired  five  coarse -haired  lambs  of  local  origin,  which 
were  subjected  to  the  same  Investigation  at  the  same  altitudes.  The  re¬ 
sults  of  the  Investigations  are  presented  In  Table  4,  from  which  wee 
that  the  erythrocyte  count  and  hemoglobin  content  were  higher  In  the  m 
mountain  lams  and  In  the  Kiev  lambs.  On  the  second  day  after  arrival  at 
the  alt  tude  of  2100  m,  all  of  the  Kiev  lambs  showed  a  drop  In  erothro- 
cyte  count  and  hemoglobin  content.  Then  the  amount  of  the  latter  In¬ 
creased.  On  ascending  to  higher  altitudes,  the  number  of  erythrocytes 
Increased  both  In  the  mountain  lambs  and  In  the  Kiev  lambs;  the  hemo¬ 
globin  content  Increased  In  all  of  the  mountain  lambs  and  some  of  the 
Kiev  lambs. 

In  i960,  we  repreated  this  experiment  using  lambs  and  sheep  at  the 
same  altitudes.  It  was  found  that  not  only  the  number  of  erythrocytes, 
but  also  the  hemoglobin  content  Increased  In  all  of  the  animals.  The 
data  obtained  were  comparatively  uniform,  and  this  enabled  us  to  derive 
average  values  (Fig.  2).  Eight  animals  were  left  for  the  winter  at  Ter- 
skol  (altitude  2100  m).  On  Investigation,  it  was  established  that  their 
erythrocyte  counts  and  hemoglobin  contents  had  remained  at  the  Initial 
values  (about  10  million  erythrocytes  and  60^  of  hemoglobin).  The  pos¬ 
sibility  Is  not  excluded  that  the  absence  of  a  rise  In  these  blood  In¬ 
dicators  was  a  result  of  a  poor  food  supply.  It  Is  of  interest  that  a 
lamb  that  had  been  dropped  by  one  of  the  ewes  brought  up  from  Kiev  and 
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had  been  raised  at  the  2100-nieter  altitude  showed  higher  erythrocyte 
counts  and  henoglobln  ecmtenta  than  Its  parents «  with  Its  figures  close 


ly  approaching  those  of  the  siountaln  lainbs. 


Pig.  2.  Average  erythrocyte 
counts  (open  columns)  and  hemo¬ 
globin  contents  (shaded  columns) 
!Ui  10  lambs  at  Kiev  (100  m)  and 
at  the  105^  Plket  (3400  m).  A) 
erythrocytes  (about  million  per 
Ina^);  B)  Kiev  (lOO  m);  C)  105th 
Plket  (3400  m). 


We  studied  the  oxygen  saturation  of  the  blood  (using  an  oxyheroome- 
ter)  on  the  same  lambs  at  Kiev  and  on  the  heights  of  the  El'brus,  re¬ 
corded  respiration  on  a  kymograph  and  took  electrocardiograms.  In  both 
the  mountain  and  the  Kiev  lambs,  the  oxygen  saturation  of  the  blood  re¬ 
mained  within  normal  limits  right  up  to  an  altitude  of  3400  mj  the  res¬ 
piration  frequency  and  the  pulse  rate  changed  Insignificantly. 

The  data  presented  Indicate  that  as  regards  hlgh-mountaln  accllma- 
tl2atlon,  sheep  do  not  differ  particularly  from  other  mammals.  It  may 
be  that  the  authors  who  noted  low  blood  Indicators  In  lambs  at  high  al¬ 
titude  Investigated  these  animals  on  the  first  occasion  on  which  they 
were  at  these  altitudes,  a  time  at  which  the  number  of  erythrocytes  and 
the  hemoglobin  content  may  fall  off. 

Rabbits,  guinea  pigs  and  dogs  have  served  as  the  objects  of  hlgh- 
mountaln  research  for  over  half  a  century.  Many  authors  have  observed 
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an  Increase  in  their  erythrocyte  counts  and  hemoglobin  cwitents  at 
hlfi^  altitudes  (Mlsher,  1893;  Kemp,  Tsunts,  Levi,  I^uller,  and  Kaspari, 
1905«  and  others).  Abdergal 'den,  L<»idon,  Kochneva,  Rablnkova,  Roske, 
Rozner  and  Vertkheymer  (1927)  studied  hemopoiesis  in  angiostomized  dogs 
at  Halle  (78  m),  on  Devos  (1559  m)  and  at  Muottas-Muregll  (2450  m);  at 
the  high  altitudes,  they  observed  an  increase  in  erythrocyte  count  in 
both  the  peripheral  blood  and  the  internal  organs. 

Beginning  in  1930,  we  began  a  long  series  of  studies  on  rabbits, 
guinea  pigs  and  dogs  and  have  noted  an  increase  in  hemoglobin  content 
and  erythrocyte  count  in  them  at  high  altitudes;  N.M.  Shumitskaya  ob¬ 
served  a  rise  in  the  number  of  reticulocytes  in  dogs.  For  the  dogs, 
concurrently  with  the  above  studies,  we  recorded  respiration  on  the  ky¬ 
mograph  and  registered  electrocardiograms,  but  dogs  showed  very  little 
changes  in  respiration  due  to  various  factors,  and  this  makes  it  diffi¬ 
cult  to  detect  distinctly  expressed  regular  variations. 

In  the  Himalayan  bear,  the  erythrocyte  count  and  hemoglobin  con¬ 
tent  rose  insignificantly  at  the  altitudes  of  El 'brus. .  According  to 
Shumitskaya,  an  Increase  in  the  number  of  reticulocytes,  which  had  not 
been  detected  under  the  conditions  of  Kiev,  was  also  noted. 

The  largest  number  of  studies  into  high-mountain  acclimatization 
have  been  made  on  humans.  The  first  such  research  dates  from  the  end  of 
the  last  century  (Viol',  I89O-I892;  Myunts,  I89I;  Egger,  1893;  Lavrino¬ 
vich,  1898).  Most  of  the  research  done  recently  Indicates  an  Increase 
in  erythrocyte  count  and  hemoglobin  content  at  mountain  altitudes.  The 
question  that  had  arisen  earlier  -  as  to  whether  this  is  a  real  in¬ 
crease  or  the  result  of  redistribution  of  the  blood  -  can  now  be  re¬ 
garded  as  solved:  first  we  observe  emergence  of  erythrocytes  from  the 
blood  depots,  and  then,  after  two  or  three  days,  true  hematogenesls  be¬ 
gins.  This  is  indicated  by  the  rise  in  the  number  of  reticulocytes  in 
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the  blood,  with  a  leftward  shift  In  their  formula,  and  Intensification 
of  hemopoiesis  In  the  bone  marrow. 

We  observed  an  increase  In  ei*ythrocyte  count  and  hemoglobin  con¬ 
tent  In  participants  in  all  of  our  expeditions  Into  the  mountains  of 
the  Caucasus,  Pamir,  Tlen-Shan  and  Altai,  which  were  undertaken  on  an 
annual  basis  frocn  1930  through  19^0  and  frcwi  19^9  to  the  present.  In 
1933#  N.I.  Vylegzhanin  found  us  to  have  an  increased  number  of  reticu¬ 
locytes  with  a  shift  to  the  left,  and  observation  confirmed  since  then 
on  more  than  one  occasion.  Including  recently  by  N.M.  Shumltskaya.  How¬ 
ever,  the  Increase  In  these  Indicators  does  not  take  place  in  strict 
parallelism  with  mountain  altitude.  It  depends  on  a  number  of  condi¬ 
tions:  on  the  speed  of  ascent,  the  type  of  ascent  (If  the  ascent  Is 
made  on  foot,  the  Initial  increase  In  the  blood  Indicators  la  more 
sharply  expressed  due  to  the  greater  output  of  erythrocytes  from  the 
blood  depots),  on  the  Interval  of  time  that  has  elapsed  from  arrival  at 
altitude  when  the  Investigation  Is  made,  and  on  Individual  peculiari¬ 
ties  of  the  test  subject.  Usually,  the  erythrocyte  shows  the  greatest 
Increase,  although  In  certain  Individuals  it  is  the  other  way  around, 
and  the  hemoglobin  index  rises  by  the  greater  amount. 

Some  authors  reported  long  ago  that  the  erythrocyte  count  dropped 
at  high  altitudes  (Shauman  and  Rozenkvlst,  1898;  Kol'bryugge,  1898).  On 
our  expedition  (1930),  Z.I.  Malkina  found  a  drop  In  erythrocyte  count 
In  the  present  author  on  arrival  at  Adyl-Su  (167O  m)  from  Kazan’;  a  de¬ 
cline  In  erythrocyte  count  and  hemoglobin  content  was  observed  on  occa¬ 
sion  thereafter,  most  frequently  on  the  second  day  of  the  high -altitude 
sojourn.  In  1933#  during  the  Pamir  expedition,  we  attempted  to  register 
erythrolysis  by  analysis  of  urine  to  determine  hemoglobin  and  bile-plg- 
ment  content,  but  the  results  obtained  were  not  unequivocal.  Ya.G, 
Uzhanskly  described  erythrolysis  In  posthemorrhagic  anemia.  In  1939, 


during  the  Kazbek  expedition,  Ya.G.  Uzhanskly  established  such  lysis 
aoK»ig  the  participants  of  the  expedition*  Something  similar  was  also 
observed  in  the  experimental  rats.  On  more  than  subsequent  occasion  we 
detected  a  drop  in  erythrocyte  count  and  hemoglobin  content  on  the  se¬ 
cond  or  third  day  of  the  high-altitude  sojourn. 


Pig.  3»  Erythrocyte  count  and  hemoglobin  content  in  3  test  subjects  at 
Kiev  and  at  various  altitudes  on  El'brus  (daily  observation^.  The  peak 
in  the  rise  curve  on  the  fifth  day  at  Terskol  is  associated  v/ith  a  hike 
in  the  mountains;  on  the  l8th-19th  days  at  3^00  m,  the  drop  in  erythro¬ 
cyte  count  and  hemoglobin  content  is  seen  distinctly.  1)  E.V.G. ;  2) 
G.I.V.  ;  3)  M. I.G.  A)  Hemoglobin,  B)  erythrocytes,  millions;  C  days 
of  sojourn  at  altitude;  D)  Kiev  (100  m);  E)  Terskol  (2100  m);  F)  Novyy 
Krugozor  (3000  m);  G)  105th  Plket  (3400  m). 


During  the  sojourn  at  mountain  altitudes,  the  erythrocyte  count 
and  hemoglobin  content  fluctuate,  an  effect  that  we  ourselves  have  not¬ 
ed  on  more  than  one  occasion,  and  one  in  which  other  authors  concur 
(S.  Zhikharev  and  T.  Prelezhayev,  1936,  and  others).  We  noted  that  af¬ 
ter  acclimatization  had  Intervened,  approximately  three  weeks  later, 
headaches  and  other  symptoms  of  altitude  sickness  may  make  their  ap¬ 
pearance.  N.M.  Shumltskaya  drew  attention  in  1959  to  the  fact  that 
asthma  sufferers  began  feeling  poor  at  an  altitude  of  3000  m  at  approx¬ 
imately  the  time  at  which  acclimatization  steps  in;  this  deteriorat  on 
coincided  with  the  drop  in  erythrocyte  count  and  hemoglobin  content. 
Ya.G.  Uzhanskly  showed  that  the  initial  erythrolysis  may  arise  as  a  re- 
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suit  of  "autottggresslon”  on  the  part  of  autoant Ibodies  against  the  ery¬ 
throcytes.  During  the  i960  expedition^  0. I.  Vinogradov,  M. I.  Grutman  fi 

and  E.V.  Qyulling  aade  a  special  study  of  this  problem,  investigating  ^  ] 

autoantibodies  against  erythrocytes.  Using  the  Boyden  react  on,  they  a 

detected  an  accunulatlMi  of  autohemagglut Inins  in  the  blood  serum  on  i 

the  ld^-lS|^  days  of  the  sojourn  at  high  altitude,  a  point  in  time  co-  ( 

incidlng  with  the  drop  in  erythrocyte  count.  Simultaneously,  they  ob-  c 

served  a  decline  in  the  cond-tlai  of  the  test  subjects,  although  this  £ 

was  followed  immediately  by  a  rapid  increase  in  erythrocyte  count  (Fig.  ^ 

3).  It  appears  that  erythrolysis  results  in  the  formation  of  autoant i-  £ 


bodies,  which,  during  the  time  of  their  maximum  accumulation,  cause  ^ 

further  erythrolysis,  so  that  the  products  of  the  lysis  activate  hemo¬ 
poiesis.  It  should  be  noted  that  this  phenomenon  may  be  manifested  to  ,  “ 

different  degrees  and  observed  at  different  times.  It  depends  on  the  ^ 

tltre  of  the  antibodies  that  have  formed  and  may  not  appear  if  they  are 
present  in  small  contents.  In  any  event,  these  facts  should  be  taken  ^ 

into  account  by  all  investigators  studying  hemopoiesis  at  high  alti¬ 
tudes.  It  may  be  that  the  cases  described  in  which  the  erythrocyte  ^ 

c 

count  dropped  or  failed  to  rise  are  associated  with  the  above  phenomen-  I 


on. 

On  our  test  subjects,  we  studied  the  respiratory  frequency  (kymo¬ 
graph  recording),  pulmonary  ventilation,  cariiac  frequency,  electrocar¬ 
diograms  at  rest  and  under  metered  loads  of  muscular  work,  with  simul- 
tt.neous  investigation  of  the  oxygen  saturation  in  the  blood.  These  oxy- 
hemometrlc  investigations  were  originally  conducted  during  the  expedi¬ 
tion  organized  by  the  Physiology  Institute  of  the  Academy  of  Sciences 
Ukrainian  SSR  under  Ye.M.  Kreps  and  V. I.  Voytkevlch  in  1954,  and  then 
by  the  present  authors  each  year  on  the  expeditions  that  followed;  on 
one  of  the  expeditions,  we  also  studied  the  rate  of  bloodstream  flow. 
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The  Investigations  that  we  carried  out  Indicate  that  the  human  or¬ 
ganism,  which  Is  sensitive  to  hypoxia,  begins  to  adapt  to  It  quite  ear¬ 
ly,  In  most  cases  basically  by  Increasing  pulmonary  ventilation  and  In 
a  minority  of  cases  chiefly  by  Intensifying  the  circulation  of  the 
blood.  The  erythrocytes,  which  at  first  increase  In  number  due  to  out¬ 
put  from  the  depots  may  be  Used  quickly  to  some  degree;  the  products 
of  the  erythrolysls  activate  true  hemopoiesis.  As  the  erythrocyte  count 
and  hemoglobin  content  Increase,  adaptation  due  to  Intensified  respira¬ 
tion  and  blood  circulation  vacates  Into  the  background.  In  Its  turn, 
adaptation  to  hypoxia  through  an  Increase  In  the  oxidation  surface  of 
the  blood  may  be  replaced  by  compensatory  changes  In  the  tissues. 

All  of  the  above  bears  testimony  to  the  fact  that  higher  animals, 
man  Included,  possess  varying,  distinctly  expressed  mechanisms  for  ac¬ 
tive  adaptation  to  hypoxia.  Use  of  these  properties  of  the  organism 
with  the  objective  of  evolving  a  hlgh-alt Itude  therapy  suggests  itself 
In  a  natural  manner. 


Manu¬ 

script 

Page  [Footnotes] 

No. 

1  M.M.  Slrotlnln,  Pro  rezlstentnlst '  do  znlzhenogo  atmosfernoeo 

tlsku  [Resistance  to  Lowered  Atmospheric  Pressure],  Med. 
zhurn.  AN  URSR  [Med.  J.  Acad.  Sci.  UkrSSR],  19^0,  X,  5,  page 
1^15;  Pro  yevolyutslyu  adaptatsll  do  glpoksil  [Evolution  of 
Adaptation  to  Hypoxia],  Med.  zhurn.  AN  URSR,  1951,  XX,  6, 
page  5;  Sravnltel 'no-f Izlologlchesklye  osobennosti  rezlstent- 
nostl  organism  k  glpoksil  [Comparative-physiological  Singul¬ 
arities  of  the  Organism's  Resistance  to  Hypoxia],  VIII  Vses- 
oyuznyy  s"yezd  flzlologov,  blokhimlkov,  farmakologov,  Tezisy 
uokladov  [VIII  All-Union  Congress  of  Physiologists,  Biochem¬ 
ists  and  Pharmacologists,  Topics  of  Papers],  Moscow,  1955, 
page  552. 

3  L.V.  Bogdanova,  "Ob  adaptatsll  k  glpoksil  nizshlkh  pozvonoch- 

nykh  zhlvotnykh"  [On  the  Adaptation  of  Lower  Vertebrates  to 
Hypoxia];  N.M.  Shumltskaya,  "Sravnltel 'no-f Izlologlchesklye 
osobennosti  funktsll  krovotvorenlya  u  zhlvotnykh  v  usloviyakh 
vysokogornogo  kllmata"  [Comparative-Physiological  Features  of 
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the  Heinatogenesls  Function  In  Animals  Under  the  Conditions  of 
the  High  Mountain  Climate]  (published  In  the  present  collec¬ 
tion). 


ON  THE  ADAPTATIOII  OF  LOWER  VERTEBRATES  TO  HYPOXIA 

L.V.  Bogdanova 
(Moscow) 

On  the  basis  of  experimental  studies  carried  out  on  representa¬ 
tives  of  various  classes  of  animals,  N.N.  Sirotinin  (19^0,  1951 ^  1955) 
established  that  the  lower  the  organization  of  the  animal,  the  better 
does  it  withstand  hypoxia. 

A.N.  Sokolov  (19^1)  failed  to  observe  adaptation  to  hypoxia  in 
lower  vertebrates.  The  experiments  were  run  cn  fish  (Carasslus  auran- 
tlus),  frogs  (Rana  esculents)  and  turtles  (Emys  europaea).  When  the 
fish  were  brought  up  to  10,000  m,  the  hemoglobin  percentage  did  not 
change,  while  the  erythrocyte  count  dropped  very  insignificantly.  In 
the  frogs  after  a  two-hour ’Ascent ”  (10,000  m)  and  in  turtles  after  two- 
hour  and  even  seven-day  residence  in  the  low-pressure  chamber,  the  ery¬ 
throcyte  counts  and  hemoglobin  percentages  dropped  off  slightly, 

Z.I.  Barbashova  and  N.N,  Sirotinin  (19^1)  failed  to  observe  a 
marked  rise  in  hemoglobin  percentage,  erythrocyte  count  or  the  oxygen 
capacity  of  the  blood  in  experiments  on  reptiles  [turtles  (Emys  orbic¬ 
ularis),  grass  snakes  (Natrlx  natrlx)  and  legless  lizards  (Ophisaurus 
apus)]  placed  in  the  low-pressure  chamber  (altitude  7000  m).  N.N,  Siro¬ 
tinin  concludes  that  these  animals  have  no  react lo'  to  hypoxia,  and 
that  at  best  we  may  speak  only  of  a  "tendency  to  increased  hemoglobin," 
Z.I.  Barbashova  suggests  that  reptiles  have  a  special  tissue  type  of 
acclimatization  to  hypoxia.  Such  adaptation  would  take  the  form  not  of 
a  struggle  on  the  part  of  the  organism  to  "retain"  oxygen  in  its  blood, 
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but  of  adaptation  of  the  tissues  to  function  under  conditions  of  oxyren 

Insufficiency. 

Al'tand  and  Parker  (1955 )j  conducting  experiments  on  turtles  (Ter- 
rapene  Carolina  Carolina)  In  a  low-pressure  chamber  at  an  "altitude"  of 
25,000-45,000  feet  (18,000-13,500  m)  observed  no  Increase  In  the  hemo¬ 
globin  percentage  or  erythrocyte  count  regardless  of  the  duration  of 
the  experiment  (over  100  days).  Nor  was  any  stimulation  of  erythropoie- 
sls  observed,  although  blood-letting  experiments  ri  the  turtles  showed 
that  they  do  have  such  a  reaction.  Placing  the  turtles  in  a  gas  mixture 
with  low  oxygen  content  (3$^)  resulted  In  a  change  in  the  nature  of 
their  respiration,  but  without  noticeable  hyperventilation.  The  authors 
come  to  the  conclusion  that  the  ability  of  turtles  to  withstand  oxygen 
Insufficiency  Is  associated  with  the  use  of  energy  formed  by  anaerobic 
processes.  It  Is  interesting  to  note  that  turtles  withstand  hypoxia 
much  more  poorly  at  36-38°C  than  at  20-23°C. 

Bonne  (1929)  showed  that  for  fish  and  frogs,  a  pressure  of  10- 
20  mm  hg  In  a  1-2-hour  exposure  each  day  for  6  days  is  not  sufficient 
to  stimulate  erythropolesls. 

Ya.M.  Brltvan  (1949),  subjecting  frogs  to  acute  hypoxia  by  tying 
off  the  pulmonary  arteries  and  poisoning  them  with  cyanides,  observed 
neither  deeper  nor  more  frequent  respiration,  but  noted  only  a  peculiar 
type  of  periodic  respiration  not  normally  observed  in  these  animals. 

At  the  same  time,  Gordon  (1935)  described  stimulation  of  hemato- 
genesis  In  the  salamander  (Necturus  raaculosus)  during  hypoxia.  After  7 
days'  exposure  in  the  low-pressure  chamber  to  a  pressure  of  330  mm  hg. 
Immature  erythrocytes  and  hemocytoblasts  made  their  appearance  in  the 
peripheral  blood. 

K.P.  Ivanov  (1955,  1958)  observed  an  Increase  in  the  number  of 
formed  elements  In  the  blood  by  90-110  thousand  (20-22^^)  together  with 
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Increased  pulmonary  ventilation,  even  at  altitudes  of  2,000-3000  m, 
when  frogs  were  periodically  "raised"  In  the  low-pressure  chamber  to  an 
"altitude"  of  10,000  m  (3-4  hours  a  day  for  10-15  days  at  a  temperature 
of  4-6°  C). 

The  author  speaks  of  the  high  sensitivity  of  amphibians  to  hypoxia, 
and  also  Indicates  that  they  have  certain  adaptive  reactions.  In  his 
opinion,  turtles  are  lees  sensitive  to  oxygen  Insufficiency  and  their 
respiratory  reaction  appears  only  at  an  "altitude"  of  8000-10,000  m. 

These  contradictions  In  the  literature  data  were  what  prompted  us 
to  make  these  Investigations. 

The  work  was  done  from  June  to  August  1958  with  facilities  of  the 
Physiology  Institute  named  for  A. A,  Bogomolets,  Academy  of  Sciences 
Ukrainian  SSR  and  during  the  El 'brus  expedition  led  by  N.N.  Slrotlnln. 

The  first  series  of  experiments  was  conducted  In  a  low-pressure 
chamber.  The  experimental  animals  were  frogs  (Rana  esculenta).  The  ani¬ 
mals  were  divided  Into  two  groups.  One  group  was  "elevated"  to  the  ap¬ 
propriate  altitudes  In  aquaria  filled  with  water,  while  the  other  "as¬ 
cended"  without  benefit  of  aquaria,  with  the  object  of  ascertaining 
whether  the  Increase  In  erythrocyte  count  and  hemoglobin  content  that 
was  noted,  for  example,  by  Ivanov  (1955)  was  a  result  of  thickening  of 
the  blood  due  to  evaporation  from  the  surface  of  the  skin. 

In  two  experiments  (Nos.  1  and  2),  we  "went  up"  together  with  the 
experimental  animals  In  the  chamber  and  conducted  studies  at  altitudes 
of  2000,  3000,  4000,  and  5000  m.  Blood  was  taken  from  the  frogs  at  the 
ventral  vein,  and  respiration  was  recorded  from  a  noose  sewed  through 
the  mental  regon.  In  the  frogs  that  ascended  In  aquaria  filled  with 
water,  the  hemoglobin  content  dropped  from  54  50^  to  75  55^,  while 

In  the  frogs  that  went  up  without  aquaria.  It  either  also  dropped  to 
68  -♦  58^^  or  showed  almost  no  change  at  48  50^^.  The  erythrocyte  count 
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was  ^50,000  -♦  480,000.  it  Is  Interesting  to  note  that  distinctly  rnanl- 
fest  periodic  respiration  appeared  in  three  of  the  six  animals  at  the 
altitude  of  4(XX>  n. 

TABLE  1 

Change  in  Henoglobin  Content  {in  %)  and  Number 
of  Erythrocytes  (in  thousands)  In  Blood  of 
Progs  wi  Periodic  ’’Ascents”  in  the  Low-Pressure 
Chamber 
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Note;  The  No.  1  and  3  animals  were  In  a 
water-filled  aquarium;  animals  Nos.  1  and  5 
were  "raised”  to  altitude  in  an  aquarium  with¬ 
out  water;  *frog  died  Immediately  after  was 
taken. 

1)  Frog  No*;  2)  hemoglobin  after  Sahli  (in  ^);  3)  erythrocytes  (in 
thousands  per  1  mm^);  4)  normal;  5)  6th  ascent;  6)  8th  ascent. 

Subsequently,  we  made  an  attempt  to  acclimatize  frogs  to  hypoxia 
by  raising  them  periodically  In  the  low-pressure  chamber.  The  possibil¬ 
ity  of  such  acclimatization  was  shown  by  Z.I.  Barbashova  (1956)  In  ex¬ 
periments  on  white  mice. 

For  this  purpose,  the  frogs  were  placed  in  the  low-pressure  cham¬ 
ber  at  an  "altitude"  of  10,000  m  and  a  temperature  of  20-23'^  C  each  day 
for  six  days,  for  3-3*5  hours  each  day.  The  blood  was  analyzed  before 
the  experiment  and  after  the  sixth  "descent"  then  the  experimental  ani¬ 
mals  were  twice  again  taken  up  to  an  "altitude"  of  10,000  m  and  the 
blood  analyzed  a  second  time.  Several  frogs  died  during  the  experiment; 
one  In  the  water-filled  aquarium  (in  the  sixth  "ascent"),  two  in  the 
aquarium  without  water  (after  six  "ascents")  and  three  frogs  that  were 
taken  up  without  water  (their  spleens  had  been  removed  previously).  It 
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Is  Interesting  to  note  that  under  nonoal  atmospheric  pressure,  the 
frogs  whose  spleens  had  been  removed  showed  no  differences  In  behavior 
from  normal  frogs. 

The  results  of  the  experiment  were  consistent:  the  hemoglobin  per¬ 
centage  and  erythrocyte  count  fell  in  all  cases  (Table  l).  In  frogs 
raised  periodically  to  the  "altitude”  of  10,000  ip  in  the  low-pressure 
chamber,  no  adaptive  reaction  on  the  part  of  the  red  blood  was  observed. 
The  animals  taken  up  without  water  also  developed  anemia  Instead  of  the 
expected  thickening  of  the  blood  due  to  evaporation  of  moisture  from 
the  surface  of  the  skin.  The  reaction  of  the  frog  organism  associated 
with  drying  of  the  skin  cannot  be  reduced  simply  to  thickening  of  the 
blood.  It  would  seem  more  probable  that  this  reaction  is  considerably 
more  complex  and  to  be  accounted  for  by  Invoking  more  profound  mechan¬ 
isms. 

As  we  have  already  noted,  the  second  series  of  experiments  was 
carried  during  the  expedition  under  natural  conditions,  at  altitudes  of 
l)  58  m  above  sea  level  at  Kiev;  2)  2100  m  above  sea  level  at  Terskol; 

3)  3000  m  above  sea  level  at  Novyy  Krugozor  and  4)  3400  m  above  sea 
level  at  the  105th  Plket.  The  studies  were  made  on  the  2nd  and  6th-7th 
days  of  the  sojourn  at  each  new  altitude.  The  temperature  did  not  drop 
below  15°  C.  The  experimental  animals  Included  amphibians  and  rept.les: 
frogs  (Rana  esculenta),  turtles  (Emys  europaea),  racers  (Zamenls  gemon- 
ensls  )  and  lizards. 

TURTLES  (Emys  europaea) 

No  adaptive  reaction  at  all  on  the  part  of  the  red  blood  was  ob¬ 
served  in  turtles  at  Terskol  (altitude  2150  m).  On  the  third  day  of  the 
sojourn  at  this  altitude,  either  no  changes  were  noted  (5  cases  out  of 
12)  or  a  slight  anemia  developed.  After  10  days  of  residence  at  this 
same  altitude,  2  cases  showed  a  minor  Increase  in  hemoglobin  percentage 
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(slightly  more  than  In  the  preceding  determination,  but  almoct  within 
normal  limits);  see  Tables  2  "nd  3.  At  the  altitude  of  jOOO  m,  30^  of 
the  animals  showed  an  Increase  in  hemoglobin  percentage  and  erythrocyte 
count.. But  this  does  not  constitute  stable  acclimatlzat tori.  Such  chang¬ 
es  might  be  more  aptly  referred  to  as  an  unstable  reaction,  the  more  so 
since  four  animals  out  of  6  did  not  reach  the  normal  range  in  spite  of 
the  rise  that  they  showed  in  these  indicators.  The  incipient  reaction 
was  supplanted  by  intensified  anemia  as  the  high-altitude  sojourn  con¬ 
tinued.  Removal  to  the  altitude  of  3^00  m  either  aggravated  the  anemia 
or  produced  no  observable  changes  in  30^  of  the  animals.  Only  in  2 
cases  did  we  note  an  increase  in  hemoglobin  percentage  and  erythrocyte 
count.  It  would  appear  that  this  is  the  same  unstable  reaction  (in  tur¬ 
tle  No,  8,  the  increased  hemoglobin  percentage  dropped  sharply  after  a 
few  days).  As  a  result  of  a  month-long  sojourn  (stepwise  ascent  tc  al¬ 
titude  of  3^00  m),  of  the  experimental  animals  developed  severe  an¬ 
emia,  In  the  others,  the  oxygen  capacity  of  the  blood  either  showed  no 
change  or  changed  very  insignificantly,  chiefly  downward. 

TABLE  2 

Change  in  Hemoglobin  Content  (in  %')  in  Blood  of 

Turtles  on  "ascents"  in  low-pressure  chamber 
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Note.  The  triangle  denotes  average  figures 
for  the  Tiiemoglobln  content  in  the  blood  of  ani- 


male  Nos.  1,  5#  6  and  9#  while  the  circle  pre¬ 
cedes  the  averages  for  animals  Nos.  2,  3.  7, 

10,  11,  12  and  13. 

1)  Turtle  No.;  2) "altitude"  In  m;  3)  died  In  tran¬ 
sit;  4)  died. 


TABLE  3 

Change  In  Erythrocyte  Count  (In  thou¬ 
sands)  in  Turtles  on  "Ascents"  In  low- 
Pressure  Chamber 


1 

2 

IM. 

« 

tm 

- 

MM 

1 

610 

«to 

100 

110 

s 

3S0 

130 

410 

370 

3 

•  720 

470 

600 

m 

A 

450 

3 

1  rate  •  M 

mf% 

5 

310 

?I0  ^ 

233 

230 

6 

310 

260 

160 

no 

7 

S33 

460 

360 

360 

• 

493 

470 

490 

730 

9 

390 

340 

160 

ItiO 

10 

760 

430 

610 

600 

II 

460 

340 

760 

490 

12 

570 

660 

4r0 

flOTMte 

13 

470 

390 

k  600 

A 

660 

430 

5i0 

420 

• 

420 

360 

160 

160 

Note.  The  triangle  denotes  aver¬ 
aged  figures  for  the  hemoglobin  [sic] 
content  in  the  blood  of  animals  No.  1, 
5,  6  and  9,  while  the  circle  precedes 
those  figures  for  animals  Nos.  2,  3, 

It  10,  11,  12  and  13. 

1)  Turtle  No.;  2)  "altitude"  in  m;  3) 
died  in  transit;  4)  died. 
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Respiration  curves  for  racer  No.  6.  a)  At  altitude  of  2150  m;  b)  at  al 
tltude  of  3000  m;  time  marker  -  5  sec.  ^ 


Nor  was  any  adaptive  reaction  o’  served  in  respiration.  Turtles 
normally  breathe  periodically  and  nonuniformly ,  and  it  is  difficult  to 
take  respiration-pattern  changes  into  account  at  an  altitude  of  3000  m. 

Ivanov  (1955)  noted  some  change  in  respiration  in  turtles  only  at 
an  altitude"  of  8000-10,000  m,  while  Al't'land  and  Parker  (1955)  ob- 
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served  distinct  chnnges  in  ihe  nature  of  the  i*espiratory  curve  on  ad¬ 
ministration  of  a  gas  mixture  containing  only  of  oxyg*:  n.  In  our  ex¬ 
periments,  4  animals  out  of  12  showed  a  certain  speedup  in  the  resplra 
tory  movements,  but  at  the  same  time  2  of  them  showed  slower  and  anoth 

er  shallower  respiration. 

In  the  racers  (Zamenls  gemonensis),  residence  at  an  altitude  of 
2100  m  produces  no  changes  In  the  nature  of  respira’ ic When  the  altl 
tude  is  increased  to  3000  m,  the  animals  react  with  a  ‘ertaln  increase 
in  respiratory  frequency  (see  Figure). 

In  the  frogs  (Rana  esculenta),  neither  an  increase  In  the  oxygen 
capacity  of  the  blood  (according  to  erythrocyte  count  ana  hemoglobin 
content)  nor  a  respiratory  reaction  was  observed  at  altitudes  of  2150 
and  3000  m. 


INFLUENCE  OF  HYPOXIA  .«!  THE  CONDITIONED  REFLEXES  OP  PISH 


T.A.  Aref'yeva 
(Kiev) 

It  was  established  as  a  result  of  the  researches  of  N.  N.  Sirotinin 
that  the  sensitivity  of  the  organism  to  hypoxia  increases  as  the  organ¬ 
ization  of  the  central  nervous  system  beccwaes  more  complex,  and  that 
the  lower  vertebrates  are  less  sensitive  to  oxygen  insufficiency  thar< 
the  higher  vertebrates. 

It  is  Interesting  to  consider  the  effect  of  hypoxia  on  the  func¬ 
tional  state  of  the  central  nervous  systeni  —  the  system  most  sensitive 
to  unfavorable  disturbances  of  all  kinds.  In  the  literature  available 
to  us,  we  have  not  been  able  to  find  information  concerning  the  influ¬ 
ence  of  hypoxia  in  an  aquatic  medium  on  the  functional  state  of  the 
lower  vertebrate  central  nervous  system,  particularly  in  fish,  and 
hence  made  it  the  objective  of  the  present  work  to  investigate  the  in¬ 
fluence  of  hypoxia  on  conditioned-reflex  activity  in  fish. 

METHOD 

The  experiments  made  use  of  goldfish  (Carasslus  auratus  L. )  up  to 
10-15  cm  in  length.  A  system  of  positive  and  negative  food-acqulslt ion 
conditioned  reflexes  was  developed  by  the  technique  of  N.V.  Prazdnikova 
(1953 )«  On  the  conditioned  signal,  the  fish  would  swim  over  to  a  glass 
bead  and  hold  it,  after  which  the  reflexes  were  reinforced  with  food. 

A  beam  of  colored  light  from  a  small  electric  bulb  situated  at  a  dis¬ 
tance  of  IO-I5  cm  above  the  aquarium  provided  the  conditioned  light 
stimuli.  The  second  conditioned  stimulus  was  an  electric  bell  mounted 
on  the  wall  of  the  aquarium.  The  positive  conditioned  reflexes  were  de¬ 
veloped  to  red  light  and  the  bell,  and  the  negative  reflexes  to  yellow 
light. 
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For  vario-j 


reasonf 


we  we  V 


unable  ti 


;e  ‘-he  technique-  employe  j 


In  the  studies  of  various  authors  for  creating  hypoxic  condillonc  In 
water  (Vlntershteyn,  1908)  by  passing  hydrogen  or  nitrogen  through  the 

j 

water.  We  were  unable  to  lower  the  oxygen  content  to  below  1  cm^/litef 
by  toiling  the  water  to  drive  oxygen  out  of  it,  a  fact  not  altogether 
satisfactory  as  regards  the  conditions  of  the  experiment. 

Studies  of  the  conditioned  reflexes  of  the  fish  were  carried  out 
In  a  lo. -pressure  chamber  for  the  first  series,  "raising"  the  aquarium 
with  the  fish  to  definite  altitudes.  "Elevations"  to  altitudes  of  2000, 
3000,  4000,  5000  and  6OOO  m  were  used  (the  respective  partial  oxygen 
pressures  at  these  altitudes  were  125,  110,  98,  86,  and  74  mm  hg).  The 
exposure  to  each  of  these  altitudes  was  30  minutes. 

In  the  second  series  of  experiments,  hypoxic  conditions  were  set 
up  in  the  water  by  placing  the  aquarium,  which  contained  15  liters  of 
water  heated  to  30-50'^  C,  In  a  low-pressure  chamber  under  an  atmospheric 
pressure  corresponding  to  an  "altitude"  of  I500  m.  The  water  was  held 
at  this  atmospheric  pressure  for  a  definite  period  of  time  (up  to  60 
min)  and  vaseline  oil  poured  in  in  an  amount  Euffieir;nt  to  form  a  layer 
up  to  2-2.5  cm  thick.  When  the  surface  of  the  water  aad  been  uniformly 
and  completely  covered  by  the  layer  of  vaseline  oil,  we  restored  the  at¬ 
mospheric  pressure  In  the  low-pressure  chamber  to  normal.  A  wire  screen 
was  placed  under  the  oil  film  to  prevent  the  fish  from  swallowing  oil 
in  their  asphyxia.  The  content  of  oxygen  dissolved  In  the  water  was  de¬ 
termined  by  the  Winkler  method,  and  in  cases  In  which  the  ..ater  con¬ 
tained  a  large  amount  of  organic  matter  by  the  Rldeal-Styuart  method. 

At  this  point  the  fish  were  put  Into  this  water.  They  stayed  there  for 
10  min,  following  which  their  conditioned-reflex  activity  was  studied. 

Four  goldfish  (Carasslum  auratus  L. ) ,  Nos.  1,  4,  5,  and  8,  were 
used  in  the  first  series  of  experiments.  "Ascents'  were  to  altitudes 
of  2000  and  3OOO  m,  4000,  5000  and  6OOO  m. 


At  the  altitude  of  2000  m,  the  fish  showed  both  normal  and  dis¬ 


turbed  conditioned-reflex  activity.  No  dlsturban  to  condlt loned -re - 
flex  activity  were  observed  In  fish  No.  4.  In  fish  Nos.  1,  5  and  8,  we 
noted  a  disturbance  of  conditioned-reflex  activity  manifesting  In  non¬ 
performance  of  conditioned-reflex  reactions.  Not  all  of  the  conditioned  ^ 
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rtlMuli  used  in  the  experlnent  produced  ccxidltlcxied-reflex  response  re¬ 
actions,  as  will  be  seen  fron  the  notes  frcn  the  experiment  of  28  Sep¬ 
tember  1955  on  AiSh  No.  5  (see  table  ).0f  the  7  positive  conditioned 
signals  used,  ccxiditicxi  reflexes  were  obtained  only  with  3;  disinhibi- 
tion  of  different iatioi  was  not  observed. 

Omission  of  conditioned  reflexes  to  the  light  and  bell  was  also 
observed  in  Fish  No.  1  at  an  altitude  of  2000  m.  Of  the  five  positive 
conditioned  stimuli  employed,  a  conditlaied  reflex  was  obtained  to  two 
(red  light  and  bell). 

In  fish  No.  8,  there  was  no  reflex  to  the  bell  at  an  altitude  of 
2000  m.  The  oxygen  content  in  the  water  was  2.5  cm^llter. 

Differentiation  was  not  disturbed  in  the  experimental  fish  at  an 
altitude  of  2000  m.  At  3OOO  m,  complete  absence  of  condltlwied  re¬ 
flexes  (fish  No.  1)  was  observed  together  with  a  drop  in  the  percentage 
of  positive  responses. 

On  ascent  to  altitudes  of  2000m  and  3000m,  “the  fish  became  some¬ 
what,  excited.  They  swam  faster,  and  it  was  noticed  in  many  cases  that 
they  were  "swimming"  at  almost  the  same  position,  frequently  butting 
their  noses  against  the  wall  of  the  aquarium,  with  an  oscillatory  move¬ 
ment  of  the  body.  An  Increase  in  the  number  of  between-slgnal  responses 
was  noted.  When  they  were  "elevated"  to  higher  altitudes  (4000,  5OOO, 
and  6000  m),  the  fish  tended  to  lose  equilibration,  swimming  only  with 
difficulty.  There  were  no  conditioned  reflexes  in  evidence  at  this 
time. 

On  investigating  the  oxygen  content  in  water  that  had  been  at  al¬ 
titudes  of  2000-6000  m  for  30  minutes,  we  were  unable  to  detect  any 
significant  drop  in  this  content.  The  initial  water  had  contained  3.5- 
5  cm^/llter  of  oxygen  at  a  temperature  of  20-22°  C.  In  water  in  which 
hypoxic  conditions  had  been  created  by  the  technique  described,  the 
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Record  of  Experlraent  of  28  September  19b5.  Fish 
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l)  Conditl(xied  stimulus;  2)  presence  of  conditioned  reflex;  3)  time  of 
c<xiditioned  reflex;  4)  unconditimed  reinforcement;  5)  remarks;  6)  red 
light;  7)  numerous  be tween-signal  reactions;  8)  vibrator  bell;  9)  be- 
tween-signal  reactions;  10)  yellow  light. 

oxygen  caitent  in  one  liter  of  water  did  not  drop  below  1.7  cm^.  With 
the  experiment  set  up  in  this  way,  the  conditioned-reflex  activity 
could  change  either  as  a  result  of  hypoxia  or  as  a  result  of  the  change 
in  hydrostatic  pressure.  To  differentiate  between  the  effects  of  these 
factors,  hypoxic  conditions  were  created  in  an  aquatic  medium  in  ad¬ 
vance  (second  series  of  experiments). 

The  conditioned -reflex  activity  of  three  goldfish  was  studied  in 

*3 

water  having  an  oxygen  content  of  3»3  to  0.22  cmvliter.  No  changes 
were  observed  in  the  conditioned  reflex  activity  of  the  fish  in  water 

•3 

having  oxygen  contents  of  3»3-l»0  cm  /liter.  Signs  of  disturbance  to 
their  condit loned -reflex  activity  were  observed  at  higher  degrees  of 
hypoxia,  when  the  oxygen  content  in  the  water  was  lowered  below  1  cm^/ 
/liter. 

Fish  No.  1  showed  disturbance  of  its  conditioned  reflexes  at  an 
oxygen  content  of  0.5  cm'^  in  1  liter  of  water  (see  table).  In  this  ex¬ 
periment,  we  noted  the  presence  of  two  positive  conditioned  responses 
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to  the  4  St  null  employed.  The  motor  activity  of  the  fish  showed  no  In¬ 
crease  here. 

In  another  experiment  with  the  same  oxygen  content  In  the  water 
(0.5  cm^/llter),  we  obtained  Identical  data.  The  disturbance  of  condi¬ 
tioned  reflex  activity  was  more  pronounced  In  fish  No.  4  at  the  same 
oxygen  content.  Of  the  5  positive  conditioned  stimuli  used«  (mly  one 
(red  light)  produced  a  conditioned  reflex.  This  fish  entered  asphyxia 
It  would  rise  frequently  to  the  upper  layers  of  the  water.  Its  general 
state  was  characterized  by  excitability  higher  than  normal. 

Total  absence  of  condlt levied  reflexes  was  observed  In  two  experi¬ 
ments  with  fish  No.  8  In  which  the  water  had  oxygen  contents  of  0.6  and 
0.5  cm^/llter. 

At  an  oxygen  content  of  0.22-0.29  cm-^  In  1  liter  of  water,  there 
were  no  conditioned  reflexes  from  any  of  the  experimental  fish.  The 
fish  swam  up  to  the  top  layers  of  the  water  and  swallowed  water  from 
Just  under  the  screen.  If  the  screen  was  removed,  they  swam  up  to  the 
oil  film  and  swallowed  small  portions  of  It. 

Spasmodic  movements  of  the  body,  alternating  with  total  Immobility, 
were  noted  In  fish  No.  1  at  an  oxygen  content  of  0.22  cm^/llter.  It 
hung  close  to  the  screen  at  all  times  and  swallowed  water  from  the  top 
layers.  There  were  no  conditioned  reflexes. 

It  follovjs  from  the  data  given  above  that  a  disturbance  to  condi¬ 
tioned-reflex  activity  Is  noted  In  fish  at  oxygen  contents  below  1  cm^/ 
/liter.  The  Initial  phane  of  the  disturbances  manifests  In  a  drop  in 
conditioned  reflex  activity,  failure  to  produce  specific  conditioned- 
reflex  responses  to  conditioned  stimuli.  Some  of  the  fish  showed  no 
conditioned  reflexes  even  when  the  oxygen  content  was  lowered  to  0.5 
cm^/llter.  The  higher  degree  of  hypoxia  between  0.3  and  0.22  cm^/liter 
and  below  tnls  range  produces  complete  disruption  of  conditioned  reflex 
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activity  In  all  of  the  fish. 

DlSCUSSIOi  OF  EXPERIMENTAL  DATA 

It  has  been  established  that  the  lower  vertebrates  are  slr^nlfi- 
cantly  more  resistant  to  hypoxia  than  the  higher  ones.  Toads  withstand 
a  drop  In  atmospheric  pressure  to  80  mm  hg  for  several  hours.  Goldfish 
begin  to  perish  when  they  are  "elevated"  In  the  aquarium  to  an  atmo¬ 
spheric-pressure  of  60  mm  hg  (N.N.  Slrotlnln,  1951).  Asphyxia  is  ob¬ 
served  In  fish  at  oxygen  contents  of  0.4-0. 5  cmVuter  (Vlntershteyn, 
1908).  The  oxygen  threshold  for  trout  Is  1.26  mg/llter  (Mints,  1954). 
According  to  Khlopln,  Nikitin  and  Kuptsls,  fish  cannot  exist  In  water 

o 

containing  less  than  1  cmvH-ter  of  oxygen.  Water  containing  less  than 
3.5  cmVllter  of  oxygen  Is  not  a  suitable  habitat  for  trout  (Koenig, 
1954).  Data  on  the  oxygen  threshold  for  fish  are  contradictory,  a  fact 
possibly  to  be  accounted  for  by  the  ecological  peculiarities  of  the 
fish  studied.  Literature  data  on  conditioned  reflex  activity  In  lower 
vertebrates  under  conditions  of  hypoxia  are  totally  nonexistent,  al¬ 
though  numerous  papers  are  accessible  on  the  changes  In  the  basic  ner¬ 
vous  processes  —  stimulation  and  Inhibition  —  In  oxygen  Insufficiency 
In  higher  vertebrates  (Slrotlnln,  1939;  Llf shits,  1949,  Kolchlnskaya , 
1953  and  others). 

In  the  experiments  conducted,  oxygen  deficiency  In  the  water 
caused  an  Intensification  of  motor  activity  In  the  fish;  they  swam 
restlessly  and  rose  to  the  upper  layers  of  the  water.  In  a  number  of 
cases  of  severe  hypoxia,  we  noted  that  the  fish  were  moving  from  side 
to  side  in  a  spasmodic  manner.  This  state  alternated  with  total  immob¬ 
ility.  A  certain  Intensification  of  the  excitation  process  could  also 
be  noted  in  studying  the  conditioned  reflex  activity  (the  number  of  be- 
tween-slgnal  reactions  Increased). 

On  the  basis  of  the  data  complied  from  two  series  of  experiments. 


It  can  be  noted  that  a  change  In  hydrostatic  pressure  has  a  stronger 
effect  ai  the  conditioned  reflex  activity  of  fish  than  does  oxygen  In¬ 
sufficiency.  Conditioned  reflex  activity  was  disturbed  when  the  oxygen 
content  was  adequate  (quantity  not  allowed  to  drop  below  1.7  ml/cm^) 
but  the  hydrostatic  pressure  was  left  unchanged  ("altitudes"  of  2000 
and  3000  m  In  the  low-pressure  chamber).  In  the  subsequent  series  of 
experiments,  conditioned  reflexes  were  disturbed  under  considerably 
deeper  hypoxia.  In  the  series  of  experiments  In  which  hypoxia  was  es¬ 
tablished  In  the  water  In  advance.  It  was  established  that  the  fish 
show  conditioned  reflexes  at  a  much  deeper  stage  of  oxygen  Insufflclen- 

■a 

cy  —  when  the  oxygen  content  In  the  witer  Is  below  1  cmvUter.  Partial 
disruption  of  conditioned  reflex  activity  manifested  In  a  lower  percen¬ 
tage  of  positive  reactions.  Conditioned  reflexes  were  totally  absent 
whai  the  oxygen  content  was  lowered  to  0.3-0.22  cmV^^ter.  Distinct 
asphyxia  was  observed  In  the  fish  during  this  time:  they  swam  up  to  the 
upper  layers  of  the  water  and  made  deglutltory  motions.  This  oxygen  con¬ 
tent  represents  the  lower  threshold  and  borders  on  the  concentrations 
lethal  for  fish. 
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THE  ELECTROCARDIOGRAM  OP  THE  RACER  UNIER  NORMAL  CONDITIONS 

AND  IN  HYPOXIA 
V.I.  Danilenko 
(Kiev) 

Our  observations  were  made  on  10  full-grown  racers «  Coluber  Jugu- 
larls  and  Ptyas  mucosus,  with  body  lengths  ranging  from  l40  to  191  cm. 

The  electrocardiogram  was  registered  In  lead  three,  using  a  VEKS- 
01  vector  electrocardioscope  on  animals  in  the  normal  gaseous  medium 
and  In  rarefied  media  corresponding  to  altitudes  of  3000,  6000,  9OOO 
and  12,000  m.  The  temperature  of  the  air  surrounding  the  animals  reached 
17-18°  C. 

The  animals,  which  were  taped  to  the  machine,  occupied  a  horizon¬ 
tal  attitude  in  the  first  series  of  experiments,  while  in  the  second 
series  they  were  held  In  a  vertical  position.  The  prevailing  conditions 
were  such  that  the  activity  of  the  animals'  cardiovascular  systems  was 
rendered  difficult  by  the  unfavorable  position  of  the  body  relative  to 
the  gravity  vector  and  the  resulting  hydrostatic  pressure  differences 
that  appeared  In  the  circulatory  system. 

Since  no  essential  differences  were  noted  betwet-n  the  EKG's  of 
these  two  species  of  reptiles,  the  data  obtained  are  collected  In  a 
single  table. 

Below  we  present  the  Initial  data  characterizing  the  electrocar¬ 
diograms  of  the  racers  as  registered  20  min  after  the  animals  had  been 
fixed:  the  R-R  Interval  Is  2.49  +  0.22  sec,  which  corresponds  to  a 
pulse  frequency  of  24  beats  per  minute;  P-Q  is  0.40  +  0. 09  sec,  QRS  Is 

0.15  +  0.03  sec,  and  Q-T  Is  0. 98  +  0.20  sec.  The  P  deflection  In  nine 

* 

animals  out  of  ten  was  negative  and  equal  to  0.20  +  0.09  mv;  a  positive 
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P  deflection  was  registered  In  one  case  (0*l4  mv).  The  R  deflection 
reached  1.19  +  0.20  mv,  and  T  was  positive  in  all  cases  at  0.29  +  0.12 
mv  (see  table}. 

When  the  atmosphere  was  rarefied  to  the  extent  corresponding  to 
3000  m,  we  noted  a  13* 75^  acceleration  in  the  R-R  intervals,  and  an  in¬ 
crease  in  the  variability  coefficient  of  the  figures  characterizing  P-Q 
the  EKl  segment  and  the  amplitude  of  the  T-wave.  The  length  of  the  Q-T 
Intervals  and  the  variability  of  the  amplitudes  of  the  P  and  R  deflec- 
ticms  diminished  by  10.2^,  but  the  average  values  of  these  waves  did 
not  change.  When  the  gaseous  medium  was  rarefied  to  the  level  corres¬ 
ponding  to  an  "altitude”  of  6000  m,  the  duration  of  the  R-R  intervals 
came  to  89* IJ^  of  the  initial  value.  The  P-Q  interval  increased  by  55^ 
and  the  QRS  interval  by  13. 3»  The  voltage  of  the  R  deflections  dropped 
by  7.65^;  in  two  cases,  negative  T -waves  were  produced. 

The  changes  in  the  EKO's  of  the  racers  became  more  distinct  as  the 
rarefaction  of  the  gaseous  medium  in  which  they  were  situated  was  deep¬ 
ened.  Toward  the  end  of  a  sixty -minute  sojourn  in  the  rarefied  atmos¬ 
phere  corresponding  to  the  "altitude"  of  12,000  m,  the  R-R,  P-Q  and  Q-T 
intervals  had  been  shortened  by  21. 5^  22.2,  and  16.35^,  respectively. 

The  QRS  Interval  had  Increased  by  26. 75^.  The  voltage  of  the  R  wave 
dropped  by  l6.8jl{.  The  positive  and  negative  T-waves  became  higher 
(deeper). 

Immediately  after  the  animals  had  been  returned  to  the  normal  gas¬ 
eous  medium,  the  most  substantial  changes  were  noted  in  the  sizes  of 
the  R-deflections  as  ccxnpered  with  the  level  registered  at  the  end  of 
the  "plateau;"  at  the  "altitude"  of  12,000  m,  it  had  Increased  by  16.15^ 
All  of  the  T-waves  became  positive.  The  shifts  in  the  remaining  ele¬ 
ments  of  the  EKG  were  less  pronounced. 

Under  the  physical  load  to  which  the  cardiovascular  systems  of  the 


racers  were  subjected  after  they  had  been  fixed  In  the  vertical  posl- 
tlCHif  the  reaction  to  hypoxia  becan«  even  more  pronounced.  In  the  rare¬ 
fied  atmosphere  corresponding  to  the  3000-m  altitude,  the  R-R  and  Q-T 
Intervals  were  shortened  by  8.2  and  the  P-Q  Interval  increased  by 

28.65^  and  the  QRS  showed  no  change.  Hie  voltage  of  the  R-waves  dropped 
by  The  voltage  of  the  P-  and  T-waves  also  changed. 

Three  of  the  racers  did  not  adjust  to  the  conditions  of  the  exper¬ 
iment.  This  conclusion  was  drawn  on  the  basis  of  the  manifest  bradycar¬ 
dia  (pulse  slower  than  10  beats  per  minute)  and  pathological  changes  In 
certain  elements  of  the  EKG  (splitting  of  the  R-wave,  a  caislderable 
Increase  In  the  voltage  of  the  T-waves,  which  differed  in  magnitude 
from  the  deflections  on  the  EKG’s  of  the  other  animals,  and,  finally, 
the  appearance  of  a  monophase  curve  Instead  of  the  RQST  ccxnplex). 


f  f  ju— 

Electrocardiogram  of  animal  No.  6.  On  the  left:  EKG  registration  of  an¬ 
imal  when  subjected  to  rarefied  atmosohere  In  horizontal  position;  on 
the  right:  same,  vertical  position,  a)  EKG  before  experiment,  15  min 
after  fixing  animal  on  bench;  b)  after  5  minutes  of  residence  at  "alti¬ 
tude"  of  3000  m;  cj  at  "altitude"  of  6OOO  m;  d)  9OOO  m;  e)  12,000  m. 
Immediately  after  "ascent;"  f)  12,000  m,  after  30  min;  g)  12,000  m,  af¬ 
ter  60  min;  h)  immediately  after  return  to  normal  atmosphere.  Calibra¬ 
tion  and  sweep  speed  are  Indicated  at  the  upper  left  corner,  l)  1  mv; 

2)  0.5  sec. 
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It  would  hardly  be  advisable  to  average  the  results  of  the  obser/- 
atlons  made  on  animals  that  did  not  respcmd  well  to  the  cc^ndltlons  of 
the  experiment  and  were  apparently  In  a  pretermlnal  state,  since  these 
data  are  so  widely  scattered.  For  example.  In  the  orthostatic  position, 
even  In  the  normal  atmosphere  the  amplitude  of  the  R-waves  came  to  1.7, 
2.0  and  rav  In  three  different  animals,  while  the  T-waves  were  -0.28, 
—0.96  and  -0.86  mv,  and  so  forth.  In  view  of  this,  the  table  presents 
data  fran  the  EKG's  of  those  animals  that  withstood  the  experimental 
conditions  satisfactorily. 

The  electrocardiogram  of  one  of  these  animals  Is  shown  in  the  fig¬ 
ure. 

CGNCLUSIONS 

1.  The  data  set  forth  In  this  paper  give  an  Idea  of  the  basic  ele¬ 
ments  of  the  electrocardiograms  of  Coluber  Jugularls  and  Pitas  mucosus. 

2.  A  drop  In  barometric  pressure  causes  no  funct  onal  disturbances 
In  the  cardiovascular  system  as  long  as  It  Is  possible  to  avoid  the  ef¬ 
fects  of  hypoxia  or  dysbarlsm. 

3.  Analysis  of  the  data  tliat  we  obtained  Indicates  that  the  racers 
show,  together  with  a  distinct  stability  with  respect  to  considerable 
lowering  of  the  oxygen  partial  pressure  in  the  Inspired  air,  certain 
statistically  dependable  changes  In  the  electrocardiogram,  even  when 
the  gaseous  medium  Is  rarefied  to  the  degree  corresponding  to  an  alti¬ 
tude  of  3000  m  (shortening  of  the  ventricular  Q-T  ccxnplex  and  the  R-R 
Interval,  drop  In  amplitude  of  T-waves,  and  so  forth). 

4.  Use  of  the  physical-load  technique  under  the  conditions  of  hy¬ 
poxia  makes  It  possible  to  obtain  a  wide  variety  of  changes  In  the 
elect  rocar d 1 ogram. 


COMPARATIVE-PHySira-OaiCAL  K^KTUBES  OP  HEMATOOENETIC  FUNCTION 
IN  ANIMALS  UND.;^  THE  COIDITIONS  OP 
THE  HIGH  MOUNTAIN  CLIMATE 
N.M.  Shumitskaya 
(Kiev) 

One  of  the  most  pronlnent  adaptive  reactions  of  animals  and  man  In 
the  mechanism  of  adaptation  to  hypoxic  ccMldltlcxis  Is  hemat ©genesis.  The 
question  as  to  what  constitutes  the  hematogenetlc  reaction  In  higher 
vertebrates  and  man  under  the  conditions  oi’  depressed  oxygen  partial 
pressure  In  the  Inspired  air  has  been  treated  In  rather  complete  detail 
In  the  literature. 

Apart  from  an  Increase  In  the  hemoglobin  content  and  erythrocyte 
In  the  peripheral  blood,  we  may  draw  reliable  concluslois  as  to  the 
bone  marrow  function  under  hypoxic  conditions  from  the  number  and  ma¬ 
turity  of  reticulocytes,  which  represent  an  early  stage  In  the  develop¬ 
ment  of  erythrocytes  from  nuclear  normoblasts. 

According  to  Zeyfart  (1927),  Marchevskly  (193^) ^  Dabln  (193^)» 
Kozlovskaya  and  Kryukovaya  (193^)#  Faynberg  (1937),  Gordon  and  Kleyn- 
berg  (1937),  Kudrin  (19^0),  Sokolov  (19^0,  19^1,  19^4,  1946)  and  Bel- 
ler  (1958),  humans,  other  mammals  and  birds  show  an  Increase  In  reticu¬ 
locyte  content  together  with  the  Increases  in  erythrocyte  count  and  he¬ 
moglobin  content  as  a  result  of  extended  residence  In  a  low-pressure 
chamber  -  6-I5  days  at  an  "altitude”  of  5-8  thousand  meters. 

These  changes  In  the  number  of  reticulocytes  In  hypoxia  manifest 
even  more  clearly  under  the  conditions  of  the  high-mountaln  climate 


(Barkroft,  1925#  1927;  Vylegzhanin,  1933j  1937;  Geyl'meyer,  Reknagel', 
Al'bus,  1933;  Oerke,  1935;  Ttl*bot,  1936). 

Thus,  while  the  problea  of  the  active -adaptation  mechanism  for  de¬ 
pressed  partial  oxygen  pressure  in  the  inspired  air  in  mountains  and 
under  the  ccxiditions  of  the  low-pressure  chamber  has  been  solved  for 
the  higher  vertebrates  and  man,  the  question  as  to  whether  the  lower 
vertebrates  have  analogous  adaptive  reactions  to  hypoxia  on  the  part  of 
the  henatogenetic  function  is  far  from  finally  answered. 

The  present  report  gives  <xily  part  of  the  data  collected  In  a  com¬ 
plex  project  carried  out  by  staff  members  of  the  Laboratory  of  Compara¬ 
tive  and  Develc^xsental  Physiology  of  the  Physiology  Institute  named  for 
A. A.  Bogomolets,  Academy  of  Sciences  Ukrainian  SSR,  a  study  devoted  to 
the  conparative-physiologlcal  study  of  the  effect  of  hypoxia  on  the  an¬ 
imal  organism. 

Data  were  obtained  under  laboratory  conditions  at  Kiev  (initial 
data)  and  during  four  expeditions  to  Mount  El'brus,  which  were  organ¬ 
ized  by  the  Institute  of  Physlolc^  named  for  A. A.  Bogomolets,  Academy 
of  Sciences  Ukrainian  SSR  and  implemented  under  the  leadership  of  Ac¬ 
tive  Member  of  the  Academy  of  Medical  Sciences  USSR  Prof.  N.N.  Sirotinin 
in  the  years  1955 »  1956,  1957  and  1959- 
METHOD 

Preference  was  given  to  adult  representatives  of  various  classes 
of  animals  in  this  investigation.  The  exceptions  were  ducklings  and 
chicks  2-3  months  old. 

Amphibians: 

a)  Pond  frogs  (Rana  esculenta)  7  specimens 

b)  Grass  frogs  (Rana  temporarla)  11  specimens 

Reptiles: 

a)  Common  grass  snakes  (Tropldontus  natrlx)  ?  specimens 
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b)  P<Mid  turtles  (Enys  europaea)  13 

Birds : 

a)  Leghorn  chickens  3 

b)  Geese  10 

c )  Ducks  7 

d)  Turkeys  9 

e)  ducklings  7 

f)  Chicks  7 


Mammals: 


Orders: 

1)  Rodents:  a)  White  laboratory  mice  18 

b)  Hamsters  (Crlcetus  crlcetus)  5 

c)  Spotted  gophers  (Cltellus  cltellus)  5 

2)  Carnivores: 


a)  Domestic  cats  5 

b)  Mongrel  dogs  10 

c)  Himalayan  bear  (Ursus  tlbetanus)  1 

Total:  122 


specimens 

specimens 

specimens 

specimens 

specimens 

specimens 

specimens 


specimens 

specimens 

specimens 

specimens 

specimens 

specimen 

specimens 


In  addition  to  the  above,  36  humn  individuals  were  studied.  Of 
these,  four  were  Juveniles  aged  13-17  years. 

For  all  of  the  above-listed  representatives  of  the  animal  world, 
dynamic  studies  were  made  on  smears  of  peripheral  blood  to  find  the 
reticulocyte  count  in  terms  of  1000  erythrocytes.  A  blood  analysis  was 
run  in  Kiev  prior  to  the  expedition,  at  normal  atmospheric  pressure 
(58  m  above  sea  level)  and  others  during  the  expedition  to  El'brus:  at 
Terskol  (altitude  2000  m)  on  the  2nd  or  10th  day  of  the  sojourn  in  the 
mountains,  at  Novyy  Krugozor  (altitude  3OOO  m)  on  the  9th-13th  days, 
at  Plket  "105"  (altitude  3^00  m)  and  at  Ledovaya  Baza  (altitude  3700  m) 
on  the  13th-l6th  days  of  the  expedition. 

During  the  1955-1957  expeditions,  scane  of  the  animals  and  some  of 
the  expedition  members  were  studied  at  Priyut-11  at  an  altitude  of 
4200  m  above  sea  level,  on  the  17th-19th  days  of  the  stay  in  the  moun- 
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tains. 


The  technique  used  In  taking  blood  samples  and  preparing  the 
smears  for  counting  the  reticulocytes  was  that  generally  accepted  in 
practice. 

Change  In  Number  of  Reticulocytes  in  Peripher¬ 
al  Blood  In  Representatives  of  Various  Classes 
of  Animals  and  Nan  at  Various  Altitudes  on  El'- 
brus 


l)  Species  of  animal;  2)  Kiev  (average  data);  3)  4)  Terskol,  2000  m 
(2nd  day);  5)  Novyy  Krugozor,  3000  m  (10th  day);  6)  Ledovaya  Baza, 

37^55  m  (13^  day);  7)  Prlyet-11,  4200  m  TT9th  day);  frogs;  9)  pond;  10) 
grass;  11)  grass  snakes;  12)  turtles;  13)  cHTckens;  14)  ducks;  15)  tur¬ 
keys;  l6)  chicks;  17)  geese;  l8)  ducklings;  19)  hamsters;  20)  mice;  21) 
gophers;  22)  dogs;  23)  cats;  24)  bear;  25)  adult  humans;  26)  juveniles. 


The  studies  that  we  conducted  showed  that  the  ability  of  the  or¬ 
ganism  to  adapt  under  conditions  of  reduced  oxygen  partial  pressure  in 
the  air  Inspired  In  the  mountains  is  not  manifest  to  the  same  degree  in 
representatives  of  the  various  classes  of  vertebrates  —  the  amphibians 
(pond  and  grass  frogs),  reptiles  (grass  snakes  and  turtles),  birds 
(chickens,  ducks,  geese,  turkeys,  chicks  and  ducklings)  and  In  the  mam¬ 
mals  (mice,  hamsters,  gophers,  cats,  dogs  and  bears),  as  well  as  In  the 
adult  and  Juvenile  humans.  It  depends  not  so  much  on  the  altitude  of 
the  ascent,  the  rarefaction  of  the  atmosphere,  or  the  time  of  residence 


under  hypoxic  conditions  as  on  the  species  of  the  animal  and  the  level 
of  Its  organization  In  the  coi^iarative-physlologlcal  plan. 

In  the  amphibians  (grass  frogs )«  we  did  not  succeed  In  discerning 
any  active  adaptation  of  the  orgganlsm  to  the  hypoxia  by  way  of  hemato- 
genesls.  In  the  form  of  an  Increase  In  the  number  of  reticulocytes  In 
the  peripheral  blood. 

*1110  slight  Increase  In  the  number  of  reticulocytes  observed  at 
Terskol  (2000  m  above  sea  level)  In  some  of  the  water  frogs  Is  more 
probably  a  result  of  thickening  of  the  blood  due  to  drying  of  the  skin 
under  the  stiff  breezes  and  strong  sunlight  that  prevail  In  the  moun¬ 
tains  at  these  altitudes  (see  Table  and  Figure). 


dynamics  of  change  In  number  of  reticulocytes  In  peripheral  blood  of 
animals  of  various  groups  In  the  mountains:  average  data  on  the  number 
of  reticulocytes  are  plotted  along  the  vertical  In  percent  of  the  Ini¬ 
tial  values;  on  the  horizontal  axis  we  present;  a)  The  Initial  data 
(Kiev,  58  m);  b)  Terskol,  2000  m  (second  day);  c)  Novyy  Krugozor, 

3000  m  Ttenth  day);  d)  Plket-”105#”  3^00  m  (15th  day):  e)  Ledovaya  Baza, 
3700  m  (I6bh-l8th  days).  1)  Amphibians  2)  reptTTes;  3)  birds;  4)  mam¬ 
mals. 


The  results  that  we  obtained  from  Investigations  on  the  frogs  dis¬ 
agree  with  the  data  of  Ivanov  (1955,  1958),  but  are  In  agreement  with 
the  material  compiled  by  Bonne  (1929),  Sokolov  (1940,  1941),  Barbashova 

(1941)  and  Slrotlnln  (1949)*  The  results  of  our  experiments  tend  to 
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confirm  Sokolov's  opinlcvi  (19^0)  to  the  effect  that  amphibians  do  not 
have  a  blood  depot  or  show  true  hematopoiesis  In  response  to  oxygen 
8tarvatl(xi. 

Among  the  reptiles  (grass  snakes  and  turtles),  our  experiments 
showed  an  adaptive  reaction  of  the  organism  to  hypoxia  -  albeit  not  In 
all  cases  and  not  distinctly  manifested  -  In  the  form  of  an  increase 
In  the  number  of  reticulocytes  In  the  peripheral  blood  as  the  elevation 
was  Increased  to  2000,  3000,  and  3700  m  above  sea  level.  Among  the 
grass  snakes,  this  proliferation  of  reticulocytes  was  more  regular, 
thus  supporting  the  viewpoint  of  K.N.  Slrotlnln  (1951)  that  grass 
snakes,  as  representatives  of  the  reptile  group,  already  show  a  certain 
amount  of  adaptatl<»i  to  lowered  oxygen  partial  pressure  In  the  Inspired 
air  due  to  an  Increase  In  the  oxydatlon  surface  of  the  blood. 

Most  of  the  turtles  used  In  our  experiments  did  exhibit  a  dls- 
tlnctly  manifest  additive  reaction  by  the  red  blood  In  the  form  of  an 
Increased  reticulocyte  count  v.lth  Increasing  time  of  residence  In  a 
rarefied  atmosf^ere  at  various  altitudes  on  El'brus  .  Some  of  the  ani¬ 
mals  showed  an ’\instable"  or  "Indistinct”  reaction  followed  by  a  drop 
in  the  number  of  reticulocytes  In  the  blood  to  a  count  below  the  Ini¬ 
tial  count. 

Among  the  representatives  of  the  birds,  we  begin  to  note  a  dis¬ 
tinct  adaptive  capacity  of  the  organism  that  acclimates  It  to  hypoxic 
conditions.  It  Is  characterized  by  a  significant  Increase  In  the  retic¬ 
ulocyte  count  In  the  peripheral  blood,  beginning  with  the  2nd  day  of 
the  sojourn  at  the  2000-meter  altitude  and  continues  to  develop  with 
Increasing  altitude.  Increasing  rarefaction  of  the  air,  and  Increasing 
time  of  residence  under  these  conditions. 

The  capacity  for  active  adaptation  to  the  ccxidltlons  of  hypoxia 
comes  particularly  sharply  to  the  fore  In  the  higher  mammals  and  par- 
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tlcularly  in  man.  This  is  manifested  In  the  fact  that  a  significant  in¬ 
crease  in  the  number  of  erythrocytes  in  the  peripheral  blood  has  taken 
place  at  an  altitude  of  2000  m  above  sea  level,  and,  moreover,  a  left 
shift  in  the  reticulocyte  formula  is  noted  at  an  altitude  of  3000  m  or 
higher  even  on  the  9!^-17th  days  of  the  mountain  sojourn.  In  particular, 
not  only  do  the  numbers  of  preexisting  group  III  and  IV  reticulocytes 
increase  substantially  in  the  peripheral  blood,  but  the  reticulocyte 
group  II  even  makes  its  appearance  as  a  function  of  the  maturity  stage 
of  the  latter  (data  from  experiments  on  mice).  All  of  this  indicates  a 
genuine  stimulation  of  hematopoiesis  (stimulation  of  the  bone  marrow) 
in  mamma Is  and  man  at  these  altitudes. 

The  research  results  that  we  have  obtained  confirm  those  of  N.N. 
Slrotlnln  (19^0,  19^9*  1951*  1955)  in  indicating  differing  sensitivi¬ 
ties  to  oxygen  starvation  for  animals  standing  at  different  levels  of 
the  evolutionary  ladder,  and,  as  a  function  of  this,  differing  degrees 
of  development  of  the  hypoxic  active  adaptation  mechanisms  among  them. 
CONCLUSIONS 

1.  Among  representatives  of  the  various  classes  of  vertebrates  - 
amphibia  (frogs),  reptiles  (grass  snakes,  turtles),  birds  (chickens, 
ducks,  turkeys  chicks,  ducklings)  and  mammals  (mice,  hamsters,  gophers, 
cats,  dogs,  bears)  and  also  in  juvenile  and  adult  human  beings,  all  of 
which  have  attained  different  levels  on  the  evolutionary  ladder,  the 
ability  of  the  organism  to  adapt  to  conditions  of  depressed  oxygen  par¬ 
tial  pressure  in  the  inspired  air  in  the  mountains  is  expressed  to  dif¬ 
ferent  degrees.  It  depends  on  the  species  of  the  animal  and  the  level 
of  its  organization. 

2.  The  criteria  for  active  adaptation  to  hypoxia  on  the  part  of 
the  hematogenetlc  function  as  seen  In  changes  in  the  number  of  reticu¬ 
locytes  in  the  peripheral  blood  are  not  observed  in  amphibians  and  be- 
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gin  to  make  their  appearance  only  in  the  reptiles  (grass  snakes,  tur- 
ties). 

3.  Ihe  capacity  for  accll«tl„tlon  to  the  conditions  of  hypoxia 

are  manifested  partlcuUrly  clearly  l„  the  higher  maammia  and  chiefly 
In  man. 
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ON  THE  ROLE  OF  THE  AOE  FACTOR  IN  THE  ORGANISM'S  REACTION 

TO  HYPOXIA 
N.V.  Lftuer 
(Kiev) 

Despite  the  research  effort  of  comparatively  long  standing  on  the 
subject  of  hypoxia,  age-related  peculiarities  of  hypoxic  states  have 
been  given  little  attention.  Meanwhile,  resolution  of  a  number  of  as¬ 
pects  of  this  problem  has  acquired  particularly  urgent  Importance  for 
prevention  and  elimination  of  oxygen  deficiency  due  to  various  causes 
In  the  clinical  treatment  of  numerous  human  disorders  arising  from  the 
time  of  birth  to  extreme  senility. 

The  complexity  of  this  Important  problem  Is  obvious.  On  the  one 
hand,  evaluation  of  pathological  hypoxic  states  at  any  age  must  be 
based  on  proper  understanding  of  the  state  and  of  the  development  of 
the  organism  Itself,  Its  various  systems.  Its  cell  and  molecular  struc¬ 
tures,  the  physiological  peculiarities  of  the  organs  and  of  the  regu¬ 
latory  mechanisms,  the  enzyne  systems,  the  biochemical  and  other  proces¬ 
ses  taking  place  In  them.  On  even  cursory  examination  of  the  tremendous 
distance  covered  by  the  mammalian  organism,  and  by  man  In  particular, 
from  the  time  of  Its  birth  to  extreme  senility.  It  becomes  obvious  that 
complex  Interrelationships  between  the  organism  and  Its  environment  un¬ 
dergo  changes  In  the  process  of  Individual  development,  each  of  them  an 
expression  of  physiological  features  peculiar  to  its  own  ontogenetic 
stage. 

On  the  other  hand,  the  physiological  features  of  an  age  level  are 
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directly  related  to  the  species  of  the  animal,  to  the  time  required  lor 
Its  embryonic  development  and  life  cycle,  and  to  the  rate  at  which  the 
organism  forms  before  and  after  birth.  These  age  factors  also  depend  on 
the  maturity  of  the  organism  at  the  time  of  birth,  on  the  complexity  of 
the  nervous  system  of  full<-grown  specimens  and  on  many  other  factors. 
This  Is  why,  even  though  a  large  amcHint  of  factual  material  on  oxygen 
deficiency,  on  the  states  of  functl(»ial  systems  and  metabolism  at  early 
stages  of  ontogenesis  has  been  collected  and  the  progressive  develop¬ 
ment  of  these  stages  to  the  mature  state  and  the  changes  that  take 
place  In  old  age  have  been  traced,  ther.  still  remain  open  many  ques¬ 
tions  concerning  the  age  peculiarities  of  the  physiology  and  pathophys¬ 
iology  of  hypoxic  states,  further  study  of  which  Is  urgently  required. 

In  evaluating  the  various  phencxnena  related  to  the  age  peculiari¬ 
ties  of  hypoxic  states,  the  situation  as  to  early  postnatal  ontogenesis, 
during  the  short  time  when  the  response  of  the  organism  to  oxygen  In¬ 
sufficiency  changes  more  than  It  does  over  a  number  of  years  In  the 
adult  state.  Is  most  open  for  discussion.  Inadequate  attention  is  again 
given  to  the  fact  that  during  the  newborn  phase,  the  specific  peculiar¬ 
ities  of  the  reactions  to  hypoxia  are  expressed  considerably  more  dis¬ 
tinctly  than  In  maturity. 

One  of  the  moat  expressive  over-all  Indicators  of  equilibrium  be¬ 
tween  the  organism  and  Its  environment  is  Its  ability  to  survive.  Its 
viability,  under  a  given  set  of  conditions.  When  we  examine  the  changes 
in  the  resistance  of  an  organism  to  hypoxia  from  the  time  of  Its  birth 
to  Its  old  age,  we  are  struck  by  the  fact  that  newborn  animals  are  dls- 
tlni;uished  by  a  special  ability  to  withstand  extremely  severe  degrees 
of  oxygen  Insufficiency.  Thus,  for  example,  baby  chicks  survive  45  min¬ 
utes  in  a  nitrogen  or  at  an  altitude  of  30  thousand  meters,  and  puppies 
at  17  thousand  meters;  at  birth,  human  babies  survive  when  totally  cut 
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off  froTi  oxygen  supplies  for  1^-20  min,  l.e.,  a  degree  of  oxygen  Insuf¬ 
ficiency  absolutely  lethal  to  adults. 

Thereafter,  the  resistance  of  the  organism  declines  progressively 
and  settles  at  the  level  shown  by  the  adults  after  an  ontogenetic  per¬ 
iod  that  differs  for  each  species.  In  puppies,  resistance  to  hypoxia 
reaches  the  adult  level  at  approximately  3-^  months.  This  does  not, 
however,  represent  a  linear  progression,  a.id  certain  age  periods  can  be 
distinguished  throughout  the  life  of  the  organism  -  phases  character¬ 
ized  by  elevated  sensitivity  and  lowered  resistance  to  hypoxia- 

One  such  period  Is  that  of  puberty,  which  Is  highly  complex  as  re¬ 
gards  functional  readjustments  of  the  nervous  and  endocrine  systems, 
the  cardiac  activity  and  respiration,  and  the  emergence  of  a  fine  neu- 
rohumoral  regulation  of  the  functions  (A.Z.  Kolchlnskaya ). 

Another  age  phase  In  the  life  of  the  organism  that  Is  character¬ 
ized  by  definite  anatomical-physiological  changes  In  the  respiratory 
apparatus,  the  heart  and  blood  vessels,  by  a  simplification  and  "coars¬ 
ening"  of  differentiated  structures,  a  lowering  of  sensitivity  to  ner¬ 
vous  Irritants,  and  limitation  of  the  functional  possibilities  Is  old 
age.  In  old  age,  the  resistance  of  the  organism  to  oxygen  Insufficiency 
drops  and  the  "altitude  celling"  Is  lowered.  Data  on  peculiar  features 
of  reactions  to  hypoxia  In  the  aged  organism  are  presented  In  this  col¬ 
lection,  In  th^  papers  by  A.Z.  Kolchlnskaya  and  M.M.  Seredenko. 

It  Is  a  well  known  fact  that  the  higher  divisions  of  the  brain  are 
most  sensitive  to  oxygen  Insufficiency.  Research  conducted  by  A.Z.  Kol¬ 
chlnskaya  has  shown  that  in  Juveniles  and  aged  persons,  disturbances  to 
the  higher  nervous  activity  -  softening  of  reflexes,  an  Increase  In  the 
latent  period  and  dlslnhlbltlon  of  differentiation  intervene  under  al¬ 
pine  conditions  at  lower  altitudes  than  In  children  or  adults.  Data  on 
disturbances  to  higher  nervous  activity  represent  objective  Indices  to 
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the  behavior  of  the  organ^fm  under  hy?o:tla  as  it  varies  during  these 
age  periods. 

Unfortunately «  the  question  as  to  the  influence  exerted  by  oxygen 
insufficiency  on  the  basic  nervous  processes  in  newborn  children  has 
not  yet  been  studied  at  all.  It  would  be  particularly  Interesting  to 
study  the  earlist  conditioned  reflexes,  which,  according  to  a  sugges¬ 
tion  from  V.A.  Trochlldiln,  nay  be  completed  at  this  state  of  ontogene¬ 
sis  not  in  the  cortex,  but  at  some  lower  level. 

Naturally,  the  resistance  of  an  intact  organism  to  hypoxia  at  var¬ 
ious  stages  In  cxitogenesis  is  governed  by  a  combination  of  many  differ¬ 
ent  factors.  During  the  process  of  evolution,  the  higher  mammails  have 
developed  reflex  adsptatlve  mechanisms,  which  are  mobilized  under  con¬ 
dition^  of  oxygen  insufficiency  to  supply  the  tissues  and  organs  with 
oxygen  at  a  level  adequate  to  their  needs.  The  function  of  external 
respiration,  the  circulatory  system  and  the  blood-forming  system,  which 
are  regulated  by  central  nervous  mechanisms,  support  this  complex  pro¬ 
cess. 

In  the  early  stages  of  ontogenesis,  the  reactions  to  hypoxia  on 
the  part  of  the  cardiovascular  system,  the  respiratory  organs  and  the 
blood  differ  from  the  corresponding  reactions  during  other  age  periods. 

In  full-grown  individuals  suffering  from  acute  hypoxia,  an  in¬ 
crease  in  the  oxygen  capacity  of  the  blood  due  to  redistribution  of  de¬ 
pot  blood  represents  an  excellent  diagnostic  index  to  the  organism's 
ability  to  adapt  to  this  disturbance. 

In  the  newborn,  an  Increase  in  the  number  of  erythrocytes  and  the 
amount  of  hemoglobin  is  either  not  observed  at  all  or  very  weakly  rnanl- 

I 

fest  even  at  severe  level?  of  hypoxia  (N.V.  Lauer,  Yu.P.  Dombrovskaya , 
L. I.  Radchenko,  Yu.V.  Sesienov).  Using  an  x-ray  technique  in  combination 
with  the  injection  of  contrast  agents,  it  has  been  established  that  the 
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contraction  reaction  of  the  spleen  to  oxygen  insufficiency  In  Infants 
has  a  long  latent  time  and  a  high  threshold.  Intervening  beyond  the 
"altitude  celling"  of  the  adult  animal,  at  approximately  13-1^  thousand 
meters  (Lauer).  Changes  In  the  erythrograms  of  newborn  individuals  un¬ 
der  the  Influence  of  hypoxia  also  have  their  own  age -conditioned  cihar- 
acterlstlcs  (Semenov).  It  is  possible  that  this  results  from  the  fact 
that  the  blood  of  newborn  Individuals  contains  many  erythrocytes  of 
extramedullar  origin. 

In  prolonged  hypoxia,  the  reticulocyte  and  erythrocyte  counts  and 
the  amount  of  hemoglobin  usually  Increase  as  a  result  of  the  stimulat¬ 
ing  Influence  of  oxygen  Insufficiency  on  hematogenesls  in  the  bone  mar¬ 
row.  These  Indices  show  particularly  distinct  Increases  under  the  con¬ 
ditions  of  the  high  mountalrs  In  children  of  preschool  and  school  age 
(Kolchlnskaya),  while  hypoxic  hemopoiesis  Is  only  weakly  expressed  In 
aged  persons  (Kolchlnskaya,  Seredenko). 

The  still  almost  unlnvestlgated  question  as  to  the  Influence  of 
hypoxia  on  the  extramedullar  hematopoiesis  Is  of  great  Interest. 

As  life  advances,  the  reactions  to  hypoxia  on  the  part  of  the  car¬ 
diovascular  system  also  undergo  changes.  However,  there  remains  much  to 
be  done  in  connection  with  this  question.  Thus,  while  the  Increase  In 
the  per^lnute  volume  of  the  heart  In  adults  is  one  of  the  most  Indica¬ 
tive  adaptive  reactions  to  hypoxia  on  the  part  of  the  cardiovascular 
system,  there  are  still  no  definite  data  on  the  change  In  this  hemo¬ 
dynamic  phenomenon  In  hypoxia  of  premature  Infants.  Starting  from  the 
fact  that,  unlike  full-grown  Individuals,  puppies  do  not  respond  to  hy¬ 
poxia  by  accelerating  their  cardiac  activity,  but  instead  slow  it  down 
(I. A.  Archavskiy,  L.A.  Krasnovskaya ,  Lauer,  V.D.  Rozanova),  we  might 
assume  that  many  hemodynamic  reactlcxis  to  hypoxia  make  their  appearance 
at  a  later  phase  of  ontogenesis.  This  is  the  more  likely  since  the  re- 
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latlonshlps  of  Siatual  subordlnatlcwi  between  the  vagus  and  syst'^matl'; 
nerve  centers  (O.A.  Mlkhaleva)  and  the  tonic  Influence  of  the  vaguL 
nerve  center#  on  the  heart  (Arshavskiy)  are  not  established  Immediately  I 
after  birth. 

In  addition  to  It#  underdeveloped  reflex  regulation,  the  heart  Is 
distinguished  In  the  newborn  Individual  by  resistance  t;  hypoxia, 
strongly  expressed  automatism  and  the  ability  to  resume  Its  contrac¬ 
tions  after  prolonged  stoppage  (!^ayabko,  Andreyev  et  al.).  In  accord¬ 
ance  with  this,  and  on  the  basis  of  electrocardiography,  the  disrup¬ 
tions  of  cardiac  activity  In  hypoxia  In  newborn  (rabbits)  begin  at  more 
severe  levels  of  hypoxia  than  they  do  In  full-grown  animals  (Lauer).  A 
fact  of  great  diagnostic  Importance  Is  that  the  changes  that  appear  in 
the  EKQ  under  the  Influence  of  oxygen  Insufficiency  differ  for  the  new¬ 
born  and  adults  (N.V.  Lauer  and  M.M.  Koganovskaya ) . 

Among  the  age-condltloned  features  In  the  reaction  of  the  heart, 
our  attention  Is  attracted  to  the  phase  during  which  the  organism  ar¬ 
rives  at  sexual  maturity.  According  to  A.Z.  Kolchlnskaya,  the  heart  be¬ 
comes  highly  sensitive  to  oxygen  Insufficiency  at  this  age;  even  at 
relatively  moderate  altitudes,  Juveniles  experience  hypoxic  tachycardia 
with  a  more  than  30ji  Increase  In  pulse  rate,  while  the  electrocardio¬ 
graphic  changes  are  more  distinct  than  In  adults  under  the  same  condi¬ 
tions,  The  cardiovascular  system  is  found  to  be  particularly  sensitive 
to  oxygen  insufficiency  In  old  age  (Seredenko,  V.V.  Prol’kls). 

The  ontogenetic  development  of  the  external  respiratory  ar^aptlve 
mechanisms  Is  of  great  Interest.  In  adults,  compensation  of  oxygen  in¬ 
sufficiency  In  the  Inspired  air  and  the  effectiveness  of  adaptation  de¬ 
pend  to  a  major  degree  on  the  extent  to  which  pulmonary  ventilation  is 
Increased.  A  rise  In  the  MOD  [Per-mlnute  Respiratory  Volume]  is  ob- 

I  I 

served  very  early.  Thus,  for  example.  It  appears  in  dogs  even  when  the 
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oxygen  content  of  the  Inspired  air  Is  lowered  by  1-1. 55^  (Lauer,  Kol- 
chlnskaya ) . 

f  Wie  external  respiratory  function  Is  established  as  a  gas-exchangc 

function  only  afterbirth.  At  first,  respiration  Is  superficial,  but 
this  Is  offset  by  Its  high  frequenl^y  (Ketle,  A.F.  Tur,  M. S.  Maslov,  I. 
A.  Arshavskiy,  Yu.F.  Dombrovskaya).  In  newborn  and  particularly  In  pre¬ 
mature  Infants,  the  rhythm  of  respiration  Is  easily  disturbed  and  sup¬ 
planted  by  periodic  respiration  (Denisova,  Flgurln  et  al.  ).  Another  un¬ 
favorable  factor  Is  the  ratio  of  the  dead  respiratory  space  to  the  res¬ 
piratory  volume,  which  Is  comparatively  large  at  this  age. 

Under  hypoxia,  newborn  Individuals  show  a  weak  reaction  in  In¬ 
creasing  their  pulmonary  ventilation  (Krasnovskaya,  Mayatnlkova,  Lauer, 
Rozanova).  It  has  been  established  that  the  reaction  of  the  respiratory 
system  to  hypoxia  Is  established  at  one  year  of  age  In  Infants  and  af¬ 
ter  2.5-3  months  In  puppies  (Krasnovskaya). 

In  addition,  we  note  that  In  c-^rtaln  species,  for  example.  In  baby 
chicks  (L.Ye.  Pal'gova  and  V.I.  Volobuyev,  Adol'f  and  Khon)  or  rabbits 
(Lauer,  Adamson),  respiration  may  become  more  frequent  In  hypoxia  even 
within  the  first  few  days  after  birth.  However,  these  reactions  are  un¬ 
stable  and  their  compensatory  effect  Is  negligible.  It  will  be  possible 
to  regard  all  of  these  problems  as  definitely  resolved  only  when  exact 
numerical  data  have  been  obtained  on  the  changes  In  pulmonary  and  alve¬ 
olar  ventilation  In  hypoxia. 

In  this  connection.  It  Is  necessary  to  emphasize  that  It  Is  not 
only  the  existence  of  a  reflex  that  is  Important,  but  also  comparative 
evaluation  of  Its  stability,  persistence  and  the  value  of  Its  mechanism 
In  adapting  the  organism  to  oxygen  Insufficiency. 

In  the  light  of  data  on  the  Immaturity  of  specialized  reflex  mech¬ 
anisms  for  adaptation  to  hypoxia  and  the  instability  of  the  vegetative- 
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function  regulation,  the  high  resistance  to  hypoxia  of  the  autoRiatlc 
respiratory-center  activity  In  the  medulla  oblongata  and  that  of  the 
vasomotor  center  (Lauer),  which  Is  quite  distinct  at  this  age.  Is  of 
great  Importance  for  understanding  the  viability  of  newborn  Individuals 
under  the  conditions  of  acute  hypoxia.  Under  a  given  set  of  h/poxlc 
conditions,  the  nerve  centers  In  newborn  Individuals  function  10-14 
times  as  long  as  In  adults  (Kaba,  Kaba  and  Deni,  Lauer). 

It  Is  necessary  to  stress,  however,  that  the  organism  gets  through 
prolonged  oxygen  Inadequacy  rather  poorly  at  this  early  age,  due  to  Its 
anatomical -physiological  peculiarities  and  the  Imperfect  development  of 
Its  regulator/  mechanisms. 

During  the  first  year  of  life,  as  we  know,  children  are  gravely 
threatened  by  Illnesses  complicated  by  oxygen  Insufficiency.  It  is  ob¬ 
vious  that  In  the  newborn,  even  slight  degrees  of  oxygen  Insufficiency 
must  be  regarded  as  asphyxlal,  since  the  absence  of  a  stable  Increase 
In  pulmonary  ventilation  contribute  to  the  accumulation  of  carbon  diox¬ 
ide  In  the  blood. 

For  all  ontogenetic  stages  with  the  exception  of  a  short  period 
Immediately  after  birth,  the  Increase  In  pulmonary  ventilation  Is  a 
highly  Important  mecb.5inlsro  for  compensation  and  adaptation  cf  the  or¬ 
ganism  to  hypoxia.  Among  the  various  forms  of  mammals,  an  Increase  In 
the  external  respiratory  function  In  hypoxia  Is  obsen/ed  more  frequent¬ 
ly  than  the  reactions  on  the  part  of  other  functional  systems  working 
to  transport  oxygen. 

As  was  shown  by  the  Investigations  of  A.Z.  Kolchlnskaya,  the  In¬ 
crease  In  ventilation  during  hypoxia  In  children  takes  place  less  ef¬ 
ficiently  than  In  adul.ts  as  a  result  of  Increased  respiratory  frequency, 
despite  the  wel3. -established  reflex  regulation. 

According  to  data  unstablllty  In  Individuals  passing  through  pu- 
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berty,  the  effectiveness  of  adaptation  to  hypoxia  through  the  external 
respiratory  function  Is  not  as  strongly  expressed,  a  factor  responsible 
I  for  the  higher  degree  of  undersaturation  of  the  blood  with  oxygen  as 
compared  to  children  and  matue  Individuals  under  the  same  conditions 
(Kolchlnskaya).  The  nature  of  the  change  In  the  effectiveness  of  adap¬ 
tation  through  external  respiration  In  old  age,  which  Is  lower  at  this 
time.  Is  of  great  Interest. 

In  the  light  of  the  problems  under  consideration,  we  may  not  omit 
mention  of  various  types  of  changes  In  metabolic  processes  during  hy¬ 
poxia  as  a  Inunction  of  the  organism's  age.  It  Is  sufficient  to  note 
that  at  minor  and  moderate  degrees  of  hypoxia,  the  consumption  of  oxy¬ 
gen  rises  In  nature  animals  and  humans,  as  an  effect  of  stress  and  am¬ 
plification  of  many  functions,  chiefly  the  energy  expended  In  contract¬ 
ing  the  respiratory  musculature. 

In  contrast,  the  consumption  of  oxygen  falls  off  In  the  newborn 
even  In  minor  degrees  of  hypoxia  (Kross,  Tlzard,  Moor,  Dauess  and  Mott, 
Maurek,  Taylor  and  others).  This  mechanism  Is  a  very  Important  factor 
In  the  ability  of  the  newborn  to  withstand  severe  degrees  of  acute  oxy¬ 
gen  Insufficiency.  However,  no  matter  how  great  the  drop  In  the  oxida¬ 
tion  rate,  the  organism  would  hardly  be  able  to  withstand  total  lack  of 
oxygen  foi  ouch  a  long  time  (as,  for  example,  the  45  minutes  survived 
by  newborn  rabbits  In  nitrogen)  If  some  other  source  of  energy  were  not 
being  used  concurrently.  During  birth  and  lir’nedlately  afterward,  this 
energy  source  Is  found  In  the  anaerobic  processes  (glycolysis )  (Reyss , 
Dorovltts,  Glmvlch,  Rosanova,  Lauer).  As  a  result.  It  Is  Inevitable 
that  Interest  arises  In  determination  of  carbon-matabollsm  changes  dur¬ 
ing  hypoxia,  changes  that  also  have  their  own  age  peculiarities. 

Much  Is  still  lacing  that  Is  required  for  correct  understanding  of 
the  sequence  of  the  process  In  which  the  adaptive  mechanisms  develop. 
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Thus,  for  example,  almost  no  study  has  been  devoted  to  age -connected 
changes  in  the  correlations  between  pulmonary  ventilation,  blood  flow 
rate  In  the  lungs  and  the  diffusion  capacity  of  the  lungs.  Also  of  ex¬ 
treme  Importance  In  this  respect  are  Investigations  in  the  matter  of 
the  physiology  of  the  respiratory  and  vasomotor  centers^  and  their  func¬ 
tional  Interrelationships  not  only  normal  conditions,  but  also  under 
the  conditions  of  the  acute  stress  that  arises  In  oxygen  Insufficiency. 

The  question  as  to  the  ontogenetic  de/elopment  of  the  higher  con¬ 
trol  over  the  vegetative  functions  -  a  control  associated  wlf^  the  cer¬ 
ebral  cortex  -  merits  particular  attention.  Cur  own  data  (see.  In  this 
collection,  the  paper  by  N.V.  Lauer,  A.Z.  Kolchlnskaya  and  V.V.  Turanov 
entitled  ”0b  adaptatsll  vzroslogo  organlzma  k  nedostatku  klsloroda  1 
znachenlye  vysshlkh  otdelov  mozga  v  etom  protsesse*'  [On  the  Adaptation 
of  the  Full-Grown  Organism  to  Oxygen  Insufficiency  and  the  Importance 
of  the  Higher  Divisions  of  the  Brain  in  this  Process])  and  data  in  the 
literature  suggest  that  despite  the  presence  of  specialized  reflexes 
that  are  well-established  In  maturity,  dlsassoclatlon  of  the  cerebral 
cortex  lowers  the  effectiveness  and  adequacy  of  the  organism's  adapta¬ 
tion  to  oxygen  Insufflency;  this  mechanism  Is  of  particularly  great 
for  man  (Turanov). 

Even  a  cursory  examination  of  the  available  factual  material  makes 
It  obvious  that  during  its  lifetime,  the  organism  passes  through  age 
phases  during  which  the  stability  and  sensitivity  to  hypoxia,  the  ex¬ 
ternal  respiratory  reactions,  the  vascular  and  blood-forming  systems 
and  the  nature  and  effectiveness  of  adaptation  to  oxygen  Insufficiency 
have  their  own  specific  features  -  features  Inherent  to  the  given  stage 
In  ontogenesis. 

Although  representatives  of  different  mammalian  forms  under  their 
own  stages  of  Individual  development  and  It  Is  hardly  possible,  even  on 
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the  basis  of  physiological  characteristics,  not  to  mention  the  nature 
of  the  hypoxic  states,  to  distinguish  exactly  the  boundaries  of  the  on¬ 
togenetic  phases,  the  principal  criteria  nevertheless  permit  us  to  dis¬ 
tinguish  6  age  periods  on  the  basis  of  data  obtained  in  our  l^iboratory 
-  periods  characterized  by  distinctive  turns  taken  in  hypoxic  states. 

In  the  very  earliest  postnatal  ontogenesis  we  perceive  two  age  periods; 

First  period  (neonatal).  This  covers  the  time  of  birth  and  the 
first  few  days  afterward  (the  duration  depends  on  species).  This  phase 
is  characterized  by  the  capacity  of  th:  organism  to  withstand  extremely 
severe  degrees  (as  compared  with  other  ages)  of  acute  oxygen  insuffi¬ 
ciency  with  the  phenomena  of  distinct  homeostasis  disturbance.  The 
length  of  survival  in  hypoxia  during  this  period  is  not  related  to  the 
effectiveness  of  adaptation  by  amplifying  external  respiration  and 
blood  flow  and  increasing  the  oxygen  of  the  blood,  but  is  governed  by 
the  presence  of  embryonal,  nonspecialized  adaptation  mechanisms,  fore¬ 
most  amorg  which  are  the  high  stability  of  the  vitally  Important  cen¬ 
ters  and  the  metabolic  processes.  The  physiological  Importance  of  these 
mechanisms  lies  in  adaptation  to  hypoxia  during  birth  and  to  those  com¬ 
plex  functional  readjustments  that  accompany  the  transition  of  the  or¬ 
ganism  from  intrauterine  life  to  its  extraaterlne  existence. 

Second  period. (suckling) .  This  is  characterized  by  a  decline  in 
the  organism's  stability  to  acute  hypoxia  and  inability  to  withstand 
prolonged  oxygen  insufficiency.  The  latter  is  due  to  partial  or  com¬ 
plete  loss  of  the  embryonic  adaptation  mechanisms,  a  higher  level  of 
the  oxidation  processes,  a  relative  decline  in  the  rate  of  anaerobic 
glycolysis,  the  absence  or  Incomplete  development  of  specialized  reflex 
mechanisms  for  adaptation  to  hypoxia  and  high  instability  of  the  vege¬ 
tative-function  regulation.  This  phase  is  singled  out  In  the  Interests 
of  clinical  medicine.  In  children  less  than  a  year  old,  and  particular- 
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ly  during  the  flrat  six  isonths.  Illnesses  complicated  by  oxygen  Insuf¬ 
ficiency  are  distinguished  by  t'  ^  severity  of  their  course,  as  manifes¬ 
ted  In  respiratory  insufficiency  coupled  with  extensive  oxygen  under- 
saturation  of  the  blood. 

Third  period. (Chlldhoou).  As  we  have  already  noted  above,  the  na¬ 
ture  of  changes  that  take  place  In  higher  nervous  activity  during  hy¬ 
poxia,  the  Increase  In  the  oxygen  capacity  of  the  blood  (due  to  redis¬ 
tribution  of  blood)  and  the  speedup  of  cardiac  activity  in  the  pre¬ 
school  and  school-age  ^ars  differ  little  from  these  Indicators  In 
adults.  At  this  age,  the  Increase  in  hemapolesls  under  the  Influence  of 
hypoxia  Is  more  strongly  manifest  than  In  other  age  periods.  The  in¬ 
crease  In  pulmonary  ventilation  takes  place  In  children  basically  by 
way  of  Increased  respiratory  frequency  and  not  by  deeper  respiration, 
which  suggests  a  less  economical  path  to  the  compensation  of  the  oxygen 
Insufficiency. 

Fourth  period.  (Youth).  This  Is  x'-haracterlzed  by  Increased  sensi¬ 
tivity  and  lowered  resistance  to  hypoxia  and  adaptation  less  efficient 
than  that  observed  In  adults. 

Fifth  period.  (Maturity).  As  a  result  of  Increased  reflex  activity 
on  the  part  of  the  external  respiration,  vascular  and  blood-forming 
systems,  the  presence  of  reflexes  specialized  for  hypoxia  and  a  certain 
degree  of  balance  between  the  nervous  and  humoral  system,  the  effect¬ 
iveness  of  adaptatlcxi  and  the  ability  to  survive  homeostasis  In  certain 
ranges  of  oxygen  insufficiency  are  more  distinctly  manifest  during  ma¬ 
turity  than  In  other  age  periods. 

Sixth  period.  (Old  age).  This  Is  characterized  by  lowered  resis¬ 
tance  and  Increased  sensitivity  to  hypoxia.  The  latter  manifests  In  a 
pronounced  lowering  of  the  "altitude  celling,”  early  disruption  of 
higher  nervous  activity  -  Inertness  of  the  reflex  adaptive  mechanisms, 
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functional  Instability  and  "’ow  effectiveness  of  adaptatiwi  to  hypoxia. 
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ON  THE  ROLE  OP  TOE  AOE  FACTOR  IN  ADAPTATION  OF  THE 
HUMAN  C«aANISM  TO  OXYGEN  INSUFFICIENCY 
A.Z.  Kolchlnskaya 
(Kiev) 

Very  few  studies  hive  been  devoted  to  the  role  of  such  an  Impor¬ 
tant  fa  tor  as  age  in  the  reaction  of  the  organism  to  hypoxia.  The  lit¬ 
erature  on  this  subject  seems  to  give  preference  to  comparisons  of  hy¬ 
poxic  states  in  newborn  and  full-grown  organisms  and  to  set  forth  data 
obtained  for  the  most  part  in  experiments  on  animals.  There  is  almost 
no  information  on  the  effect  of  oxygen  Insufficiency  on  the  growing, 
maturing  or  aged  human  organism. 

The  morphological  and  functional  peculiarities  of  the  organism  in 
various  age  periods  are  so  sharply  manifest  that  we  may  even  a  priori 
assume  that  its  reacticxis  to  oxygen  insufficiency  are  functions  of  age. 

Over  15  years,  we  have  conducted  studies  to  ascertain  the  age  fea¬ 
tures  of  the  organism's  reactions  to  hypoxia.  The  reaction  of  the  human 
organism  to  oxygen  insufficiency  was  studied  in  individuals  of  pre¬ 
school  age,  during  puberty,  maturity  and  old  age. 

In  1955^  at  a  conference  on  the  physiology  and  pathology  of  res¬ 
piration,  hypoxia  and  oxygen  therapy,  we  presented  data  on  changes  that 
take  place  in  the  higher  nervous  activity  of  children  of  preschool  age, 
boys  and  girls  ranging  frcxn  14-17  years  of  age,  adults  (20-50  years) 
and  elderly  persons  (age  over  65  years)  in  a  medium  deficient  In  oxygen. 

These  investigations  showed  that  under  a  given  set  of  conditions 
prevailing  in  the  external  medium  at  altitudes  up  to  3000  m,  the  chang- 


es  in  the  higher  nervous  activity  are  least  distinct  in  children  of 
preschool  age  and  most  pronounced  in  the  elderly  individuals.  During 
puberty,  when  the  organism  is  particularly  sensitive  to  oxygen  insuffi¬ 
ciency,  the  higher  nervous  activity  was  more  noticeably  disturbed  than 
in  middle-aged  and  very  young  individuals. 

Later,  our  attention  was  concentrated  on  a  study  of  the  age -condi¬ 
tioned  activity  features  of  the  most  important  mechanisms  adapting  the 
organism  to  oxygen  insufficiency  and  taking  an  active  part  in  the  or¬ 
ganism's  ’’fight"  for  oxygen. 

Changes  in  external  respiration,  cardiac  activity  and  the  erythro¬ 
cyte  composition  of  the  blood  were  studied  in  hypoxic  hypoxia  on  indiv¬ 
iduals  from  the  various  age  categories  ennume rated  above.  Hypoxic  hy¬ 
poxia  was  induced  in  low-pressure  chambers  and  by  inhalation  of  gas 
mixtures  deficient  in  oxygen.  The  effects  of  oxygen  insufficiency  were 
also  studied  under  natural  conditions  at  altitudes  of  2000,  3000  and 
4000  m  in  the  mountains  during  the  mountain  expeditions  of  the  Insti¬ 
tute  of  Physiology  named  for  A. A.  Bogomolets  to  Mount  El'brus. 

The  changes  in  external  respiration  in  an  atmosphere  with  a  sub¬ 
standard  oxygen  content  are  so  distinctly  perceptible  that  it  does  not 
take  a  specialist  to  notice  them.  However,  despite  the  fact  that  a 
large  number  of  papers  have  been  devoted  to  study  of  respiration  in  hy¬ 
poxia  since  the  time  of  P.  Ber  and  I.M.  Sechenov,  a  number  of  aspects 
of  this  problem.  Including  even  relatively  primitive  ones,  have  re¬ 
mained  unclear  to  this  day.  One  of  these  questions  is  that  as  to  how 
the  external  respiration  changes  in  individuals  of  various  ages  when 
there  is  a  deficiency  of  oxygen  in  the  surrounding  air. 

In  a  mature  human  placed  in  a  state  of  total  rest,  oxygen  insuffi¬ 
ciency  causes  an  amplification  of  external  respiration  and  an  Increase 
in  pulmonary  ventilation.  The  literature  data  and  our  own  suggest  that 


the  Increase  in  the  per^lriate  respiratory  volume  (MOD)  depends  on  the 
depth  of  hypoxia,  the  temperature  of  tho  ambient  medium.  Individual 
peculiarities  and  fitness  of  the  organism,  the  functional  state  of  the  I 
organism  and,  in  particular,  that  of  its  nervous  system.  I 

As  we  know,  more  than  two«thirds  of  mature  individuals  In  their  t 
middle  years  show  an  increase  in  external  respiration  at  medium-low  and  | 

I 

medium  altitudes,  preferentially  by  way  of  an  Increase  in  depth  of  res- j 
plratlon;  the  frequency  of  respiraticxi  changes  little  under  these  con-  j 
dltions.  j 

A  decrease  in  the  depth  of  respiration  coupled  with  Increased  fre¬ 
quency  In  the  respiratory  rhythm  of  middle-aged  Individuals  Is  regarded  ^ 
by  a  number  of  authors  as  a  symptom  of  respiratory  insufficiency.  A  i 
further  Increase  In  the  depth  of  respiration  in  a  mature  human  Indivi¬ 
dual  that  Is  not  compensated  by  increased  frequency  suggests  serious 
disruption  of  the  respiratory  act  in  hypoxia  (Haldane). 

In  a  mature  organism  subject  to  an  external  medium  i.lth  a  lower- 
than-normal  oxygen  content  at  medium-low  and  medium  altitudes,  the  elev- 

f 

ated  pulmonary  ventilation  (Pig.  l)  provides  a  sufficiently  high  level 
of  oxygen  saturation  of  the  arterial  blood  (Fig.  2)  and  a  constant  lev¬ 
el  of  oxygen  consumption  or  even  a  level  higher  than  that  at  normal  at¬ 
mospheric  pressure. 

In  children  of  preschool  age,  oxygen  Insufficiency  also  causes  an 
Increase  In  pulmonary  ventilation  (see  table).  However,  In  contrast  to 
the  situation  with  the  adult  organism,  the  Increase  In  per-mlnute  vol¬ 
ume  In  children  aged  3-7  years  takes  place  not  by  way  of  Increased 
depth  of  Inspiration,  but  preferentially  by  way  of  an  Increase  In  the 
frequency  of  the  respiratory  movements.  As  was  shown  by  studies  made  at 
various  altitudes  (1000,  2000,  3000  ro  In  the  low-pressure  chamber  and 
2000  and  3000  m  In  the  mountains)  the  depth  of  respiration  does  not  In- 
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crease,  but  may  even  decrease. 


The  fact  that  children  of  preschool  age 
Increase  their  I>K)D  at  moderate  altitudes  by 
Increasing  the  frequency  of  their  respiratory 
movements  and  not  by  Increasing  the  depth  of 
respiration  Is  obviously  to  be  accounted  for 
by  the  physiological  features  of  respiration 
at  this  age.  Under  the  conditions  of  a  normal 
oxygen  supply,  resplratlcxi  Is  more  superfi¬ 
cial  and  Its  rhythm  more  frequent  In  children 
3-7  years  old  than  In  adults.  With  Increasing 
age,  respiration  becomes  deeper  and  less  fre¬ 
quent  (Gundobln,  Maslov,  Tur,  Dombrovskaya, 
Shalkov  and  others).  For  this  reason.  In¬ 
creased  respiratory  frequency  In  hypoxia  of 
children  can  hardly  be  regarded  as  a  symptom 
of  respiratory  Insufficiency.  However,  more  frequent  respiration  In 
children  of  preschool  during  hypoxia  results  In  an  Increase  In  alveolar 
ventilation  that  Is  smaller  than  that  observed  In  adults,  and  also  low¬ 
ers  the  reduced  alveolar  ventilation,  which  attests  to  lower  effective¬ 
ness  of  the  adaptation  to  oxygen  Insufficiency  on  the  part  of  the  ex¬ 
ternal  respiratory  function  during  childhood. 

It  should  be  noted  that  In  hypoxia,  children  retain  the  higher 
oxygen  partial  pressure  In  the  alveolar  air  that  Is  peculiar  to  them  at 
normal  atmospheric  pressure.  It  Is  possible  that  this  Is  one  of  the 
factors  accounting  for  the  lower  degree  of  hypoxemia  under  the  condi¬ 
tions  of  depressed  oxygen  partial  pressure. 

As  with  other  vegetative  functions,  respiration  undergoes  signi¬ 
ficant  changes  during  puberty  -  changes  related  to  the  over-all  read- 
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Fig.  1.  Change  In  per- 
mlnute  respiratory  vol¬ 
ume  at  various  "alti¬ 
tudes”  In  the  low-pres¬ 
sure  chamber,  as  ob¬ 
served  In  persons  of 
various  ages;  1)  Adults; 
2)  Juveniles;  3)  calcu¬ 
lated  ventilation.  A) 
MOD  In  %  of  Initial 
norm;  B)  altitude,  m. 


adjustment  of  the  neurohumoral  factors  regulating  the  functions  of  the 
organism,  irtilch  frequently  results  in  temporary  {^slological  disfunc¬ 
tions.  During  this  period.  It  Is  distinguished  by  severe  instability. 

As  regards  type,  respiration  Is  mixed,  alternating  between  the  thoracic 
and  abdominal  types*  With  incx^aslng  age,  the  depth  of  respiration  In¬ 
creases  markedly,  and  this  Increase  provides  for  Increased  pulmonary 
ventilation  (Shalkov).  Although  the  frequency  of  respiration  during 
puberty  aiHproaches  that  of  respiration  in  a  mature  individual,  it  nev¬ 
ertheless  retains  some  of  the  features  of  the  childhood  type,  continu¬ 
ing  to  be  more  frequent  than  in  middle-aged  adults. 


Fig.  2.  Oocyhemograms  of  humans  of  various  ages  during  short-term  (3 
min)  breathing  of  a  mixture  of  N2  with  10^  of  oxygen.  1)  Favlik,  aged 

4;  2)  Volodya,  aged  l4j  3)  L.I.R. ,  24  years  of  age.  A)  Percentage  0^ 
saturatlai  of  arterial  blood. 

As  our  investigations  showed,  oxygen  insufficiency  gives  rise  to 
amplified  respiration  in  teenage  boys  ani  girls,  and  at  this  age,  as 
with  mature  individuals,  they  increase  their  pulmonary  ventilation  bas¬ 
ically  by  increasing  their  depth  of  respiraticxi  (although  40^^  of  the 
teenage  male  and  female  subjects  showed  increased  respiratory  frequency 
at  altitudes  of  2000,  3000  and  4000  m).  However,  the  depth  of  respira¬ 
tion  increases  in  teenagers  of  both  sexes  to  a  less  significant  degree 
than  it  does  in  adults,  so  that  the  increase  in  per-minute  respiratory 
volume  at  medium-low  and  medium  altitudes  lags  behind  that  observed  in 
adults.  As  hypoxia  progresses  in  teenagers  of  both  sexes,  the  pulmonary 
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ventilation  does  not  Increase  as  rapidly  and  regularly  as  It  does  In 
adults,  the  reduced  MOD  diminishes  and  the  alveolar  ventilation  is  low¬ 
ered.  Adaptation  of  the  organism  to  oxygen  insufficiency  through  the 
external  respiratory  function  is  not  accomplished  as  well  during  puber¬ 
ty  as  it  is  in  middle  age  (Fig.  l).  As  a  result  of  the  Inferior  adap¬ 
tation  by  the  external  respiratory  system,  hypoxemia  is  more  strongly 
expressed  In  teenage  boys  and  girls  than  in  adults  at  corresponding  al¬ 
titudes  (Fig.  2).  The  oxygen  consumption  drops  markedly  in  teenage  boys 
and  girls  during  hyooxla. 

Anatomical  and  functional  changes  in  the  respiratory  organs  In  old 
age  result  In  reduced  ventilation  of  the  lungs,  the  appearance  of  res¬ 
piratory  Insufficiency  manifest  to  varying  degrees,  and  In  a  drop  In 
the  oxygen  saturation  of  the  arterial  blood,  l.e..  In  hoxemla,  even 
v/hen  the  partial  pressure  of  the  oxygen  In  the  Inspired  air  Is  normal. 
The  hyperventilation  observed  here  in  elderly  persons  Is  regarded  by 
some  authors  as  a  barometer  of  the  struggle  against  hypoxemia  In  old 
age  (Bine  and  Bur,  Vernan  and  Sebaun,  Prlmak). 

In  old  age,  the  respiratory  Insufficiency  Is  aggravated  by  Insuf¬ 
ficiency  of  oxygen  In  the  Inspired  air.  We  were  able  to  follow  only 
certain  Indices  to  hypoxic  external  respiration  In  4  Individuals  aged 
65-67  years.  By  comparison  with  that  which  was  observed  at  normal  at¬ 
mospheric  pressure  In  elderly  persons,  respiration  was  observed  to  be 
more  frequent  during  the  first  few  days  of  a  sojourn  In  the  mountains 
at  an  altitude  of  2000  m  when  the  subjects  were  In  a  state  of  rest  in 
the  horizontal  position.  The  higher  resting  respiratory  frequency  per¬ 
sisted  for  a  long  time  -  to  the  10th-12th  day  of  the  sojourn  at  this 
altitude.  The  speedup  In  respiration  was  more  distinct  at  the  3000-m 
altitude. 

At  the  altitude  of  2000  m,  periodic -type  respiration  was  regls- 
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l)  External  resplratloa  Indicator;  2)  normal  atmospheric  pressure;  3) 
frequency;  4)  respiratory  volume;  5)  per-mlnute  respiratory  voli^e;  o) 
per-ffilnute  respiratory  volume  (reduced);  7)  metabolic  Index  with  res- 
oect  to  0«;  8)  metabolic  Index  with  respect  to  CO^;  9)  alveolar  ventll- 
^lon  wlt8  respect  to  10)  alveolar  ventilation  with  respect  to  0^ 

(reduced);  11)  alveolar  ventilation  with  respect  to  COgJ  12)  alveolar 
ventilation  with  respect  to  CC^  (reduced);  13)  percentage  of  0^  In  ex¬ 
pired  air;  14)  percentage  of  Og  in  alveolar  air;  15)  percentage  of  COg 
In  expired  air;  l6)  percentage  of  CO2  In  alveolar  air. 


tered  In  Individuals  at  "ripe  old  ages."  The  shortness  of  breath  that 
set  In  during  sleep  caused  considerable  agitation.  During  the  first  few 
days  of  the  sojourn  at  the  altitude  of  2000  m,  even  minor  physical  ex¬ 
ertion  winded  the  old  ones  and  produced  the  sensations  associated  with 
oxygen  deficiency. 

The  ^servatlons  made  permit  us  the  conclusion  t'fiat  at  each  age 
the  adaptation  of  external  respiration  to  hypoxia  has  Its  own  distinc¬ 
tive  features.  With  growth  and  maturing  of  the  organism.  It  Is  perfect* 

ed,  but  It  deteriorates  significantly  In  old  age. 
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A  study  of  the  state  of  the  cardiovascular  system  on  the  basis  of 
various  Indicators  (frequency  of  cardiac  contractions  and  Its  variation 
under  physical  load,  arterial  pressure,  electrocardiogram)  also  brought 
out  age-connected  differences  In  the  reaction  of  the  system  to  hypoxia. 

According  to  our  data,  the  pulse  showed  almost  no  change  up  to  an 
"altitude"  of  3000  m  in  adults  lying  horizontally  when  the  air  In  the 
low-pressure  chamber  Is  rarefied.  At  an  "altitude"  of  4000  m,  their 
pulses  rise  by  5-10  beats  per  minute  (9-125^  of  the  Initial  norm),  and 
12-18  beats  per  minute  (22-27^)  at  the  5000^  "altitude."  Of  28  adults 
Investigated  as  participants  In  moufit'^ln  expeditions,  the  pulse  was 
faster  In  20  of  them  on  the  second  day  of  the  sojourn  at  the  2000-meter 
altitude,  with  the  Increase  not  exceeding  9  beats  per  minute  In  15  of 
the  people  and  amounting  to  12-16  beats  per  minute  In  only  5  of  them. 

On  the  average,  middle-aged  Individuals  showed  a  5-beat  Increase  In 
pulse  rate  at  this  altitude  of  the  Initial  norm). 

Among  25  children  of  preschool  age  observed  during  the  mountain 
expeditions,  the  increase  In  pulserate  during  the  first  few  days  of  the 
sojourn  at  2000  m  was  more  strongly  marked  than  In  the  adults.  In  l8 
children  It  was  9-30  beats  per  minute  (in  7  of  these  children,  the 
pulse  speeded  up  by  20-30  beats),  while  only  in  7  of  the  children  was 
the  pulse  increase  insignificant,  by  2-6  beats  per  minute.  On  the  aver¬ 
age,  the  pulse-rate  Increase  In  preschool  children  at  the  2000  m  alti¬ 
tude  was  l4.8  beats  par  minute  {YJ .6%)  The  children's  pulses  continued 
to  Increase  in  frequency  during  the  entire  three -week  stay  at  the 
2000-meter  altitude. 

It  should  be  noted  that  although  the  pulse  quickening  at  rest  In 
the  horizontal  position  was  greater  In  children  at  2000  meters  than  in 
the  adults,  an  orthostatic  test  at  the  lowered  atmospheric  pressure 
showed  pulse  frequency  changes  that  were  smaller  In  preschool -aged 


children  than  in  adults.  Thus,  while  the  pulse  quickened  by  195^  at  nor- 
nal  ataospherlc  pressure  (Kiev)  in  the  adults  ai  changing  from  the  hor¬ 
izontal  to  the  vertical  position,  and  by  17^  on  the  second  day  of  the 
sojourn  at  the  altitude  of  2000  m,  the  children,  on  the  other  hand, 
showed  l4^  at  normal  atmospheric  pressure  (Kiev)  and  8^  at  the  2000-me- 
ter  altitude.  Practically  identical  results  were  obtained  in  a  test  un¬ 
der  physical  load:  in  half  of  the  children,  10  toe -touching  exercises 
within  30  sec  at  the  altitude  of  2000  m  produced  a  smaller  increase  (in 
percent  of  the  initial  norm)  in  the  pulse  frequency  than  at  normal 
pressure  (Pig.  3)«  The  pulse  rate  returned  to  the  initial  norm  either 
the  same  time  as  at  normal  atmospheric  pressure  or  after  a  shorter  in¬ 
terval  of  time  after  the  effort. 


Pig.  3*  Change  in  pulse  frequency  under  the  influence  of  physical  load 
in  individuals  of  various  ages  in  the  mountains,  l)  Serezha,  5  years 
of  age;  2)  Zhenya,  l4  years  of  age;  3)  S.Ye.,  30  years  of  aee;  4)  S. , 
65  years  of  age.  k)  Cardiac  frequency,  per  1  min;  B)  Kiev,  {normal  at¬ 
mospheric  pressure);  C)  Terskol,  (altitude  2000  m);  D)  Novyy  Krugozor 
(altitude  3000  m). 

The  pulse  rates  of  the  children  increased  at  the  3000-meter  alti¬ 
tude,  both  over  the  data  obtained  at  Kiev  (on  the  average,  by  20. 55^) 
and  by  comparison  with  the  pulse  rates  recorded  at  2000  ra  (by  3.55^). 
The  absolute  figures  for  the  pulse  quickening  in  the  children  were 
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larger  than  these  for  the  adults. 

The  orthostatic  test  at  the  altitude  of  3000  m  resulted  In  a  pulse 
quickening  greater  than  that  observed  at  2000  m;  the  percentage  In¬ 
crease  referred  to  the  Initial  norm  averaged  l4.8j^.  For  the  adults,  the 
percentage  of  the  Initial  norm  was  20$^. 

The  functional  test  also  produced  greater  changes  In  the  pulse 
rate  at  an  altitude  of  3000  m  than  It  did  at  2000  m,  but  the  return  of 
the  pulse  to  the  Initial  values  did  not  take  place  more  slowly  than  at 
normal  atmospheric  pressure  (Fig.  3)* 

As  shown  by  EKG  data,  the  pulse  frequency  takes  place  In  adults 
and  In  children  at  the  expense  of  a  shortening  of  the  diastole.  The  P-Q 
and  Q-T  Intervals  show  no  change.  In  either  the  adults  or  the  children. 
The  heights  of  the  EKG  waves  underwent  Insignificant  changes:  In  adults 
and  In  children,  the  heights  of  the  P  and  T  waves  became  lower.  In  most 
of  the  adults,  the  R  wave  also  subsided.  We  failed  to  note  changes  In 
the  configuration  of  the  EKG  waves  or  a  shift  In  the  S-T  Interval  at  al¬ 
titudes  up  to  3000  m,  either  In  adults  or  In  children.  Thus,  electro¬ 
cardiography  did  not  bring  out  any  substantial  disturbances  to  the 
children’s  cardiac  activity  at  altitudes  from  2000-3000  m. 

Both  the  systolic  and  the  diastolic  blood  pressures  rose  by  5-30 
mm  Hg  In  most  of  the  children  during  the  first  few  days  of  their  so¬ 
journ  at  altitudes  of  2000-3000  m. 

In  youths  and  maidens  placed  In  the  low-pressui'e  chamber  In  the 
horizontal  position  In  a  state  of  rest,  the  pulse  was  observed  to 
quicken  by  2-20  beats  per  minute  (3-36^^  referred  to  the  original  norm) 
even  >t  an  "altitude"  of  2000  m,  while  at  the  "altitude"  of  3000  m,  the 
quickening  was  7-30  beats  per  minute  (10-54^^)  and  at  the  "altitude"  of 
4000  m  It  was  10-30  beats  per  minute  (l6-54j^),  l.e.,  the  pulse  quicken¬ 
ing  In  teenagers  of  both  sexes  as  the  air  In  the  low-pressure  chamber 


was  rarefied  began  at  lower  altitudes  and  was  more  pronounced  than  in 

adults. 

Similar  data  were  obtained  unaer  the  conditions  of  the  high  moun¬ 
tains.  On  the  second  day  of  the  sojourn  at  2000  m,  the  pulse  quickening 
observed  In  young  boys  and  girls  was  sharper  than  in  adults.  In  the 
teenagers,  the  pulse  quickened  by  6-l8  and  In  some  cases  by  26-40  beats 
per  minute.  On  the  average,  the  pulse  quickening  was  14.2  beats  per 
minute  (l4.3y^). 

The  cardiac  activity  changes  observed  in  teenagers  of  both  sexes 
are  particularly  indicative  when  compared  with  the  figures  for  adults 
when  we  come  to  the  functional  tests  (Fig.  3)*  The  orthostatic  test  and 
the  physical-load  test  produced  sharper  changes  in  the  frequency  of  car¬ 
diac  contractions  in  teenage  boys  and  girls  at  an  altitude  of  2000  m 
than  at  normal  atmospheric  pressure,  together  with  sharper  shifts  than 
In  adults  under  the  same  ccxidltions. 

At  normal  atmospheric  pressure,  the  transition  from  the  horizontal 
to  the  vertical  position  in  teenage  boys  and  girls  caused  an  Increase 
in  the  pulse  rate  by  an  average  of  37* 8j^,  at  2000  m  this  Increase  was 
44. 55^,  and  4200  m  It  was  46. 8$^.  The  functional  test  with  physical  load 
produced  similar  results. 

According  to  EKG's  taken  both  in  the  low-pressure  chamber  and  un¬ 
der  the  conditions  of  the  mountains,  the  cardiac  pause  (the  T-P  inter¬ 
val)  diminished  in  the  teenage  boys  and  girls  beginning  at  altitudes  of 
2000-3000  m,  while  the  P-Q  Interval  did  not  change  (only  in  one  youth 
did  it  Increase  at  the  4000-meter  altitude).  In  some  of  the  individuals 
tested  at  altitudes  of  3000-4000  m,  the  Q-T  interval  was  shortened  be¬ 
ginning  with  altitudes  of  2000-3000  m,  and  the  height  of  the  R  wave  de¬ 
creased;  the  T-wave  either  did  net  change  or  diminished.  We  observed  no 
shifts  In  the  S-T  Interval. 
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It  Is  evident  from  the  data  given  above  that  although  changes  In¬ 
tervene  In  the  electrocardiograms  of  teenage  boys  and  girls  at  lower 
altitudes  as  compared  with  adults  and  children,  the  EKG  does  not  show 
specific  pathological  changes  In  cardiac  activity  In  the  Juveniles  at 
altitudes  not  exceeding  4000  m. 

In  the  teenage  boys  and  girls,  the  blood  pressure  (systolic  and 
diastolic)  rises  during  the  first  few  days  of  a  stay  In  the  mountains. 
In  4  min  older  than  65,  the  pulse  frequency  did  not  Increase  as  signi¬ 
ficantly  as  It  did  In  the  younger  persons  on  the  second  day  of  the  so¬ 
journ  In  th  mountains  at  an  altitude  of  2000  m.  In  three  of  the  Indiv¬ 
iduals  tested,  the  pulse  quickened  by  5#  7  and  8  beats  per  minute, 
while  In  one  case  the  pulse  did  not  change  at  all.  Of  the  three  elderly 
persons  taken  up  to  the  altitude  of  3000  m,  2  showed  slower  pulse  rates 
(slower  by  6-20  beats  per  min),  and  the  female  test  subject  showed  a 
quickening  by  12  beats  per  min  as  compared  with  the  Kiev  norm.  In  the 
elderly  persons,  the  orthostatic  test  at  the  altitude  of  2000  m  gave  a 
smaller  Increase  than  In  people  In  the  other  age  categories  (Fig.  3)« 

Gel ’man  and  Braun,  Berman  and  Sebaun,  and  MacFarland  have  noted  a 
smaller  Increase  In  pulse  rate  under  physical  load  In  elderly  persons 
as  compared  with  other  age  groups.  Gel ’man  and  Braun  report  that  elder¬ 
ly  persons  show  a  narrowing  of  the  functional  lability  of  the  sinoatri¬ 
al  node  and  fixation  of  the  pulse  at  more  or  less  stable  levels.  Vernan 
and  Sebaun  also  conclude  that  the  heart  Is  characterized  In  elderly 
persons  by  a  progressive  loss  of  Its  ability  to  adapt  to  load.  Accord¬ 
ing  to  MacFarland,  the  pulse  frequency  changes  less  In  elderly  persons 
than  It  does  In  young  people  during  the  first  hour  of  a  sojourn  at 
4240  m. 

At  2000  m,  and  to  a  greater  degree  at  3OOO  m,  the  amplitude  of  the 
R  and  T  waves  decreased  In  elderly  persons;  In  one  of  them,  the  dura- 


tlon  of  the  QRS  complex  Increased  and  It  became  quite  drawn-out.  In  th^ 
others,  no  broadening  of  the  QRS  complex  was  observed.  The  P-Q  Interval 
did  not  change,  although  In  one  test  subject  the  P-wave  was  smoothed 
out. 

In  healthy  elderly  persons,  the  systologlc  [sic]  pressure  showed 
no  change  cxi  the  second  day  of  residence  at  2000  m.  On  the  10^  day  of 
residence  at  this  altitude.  It  rose,  remaining  elevated  for  the  entire 
month  of  the  stay  In  the  mountains. 

According  to  MacFarland,  the  blood  pressure  of  persons  of  advanced 
age  dropped  during  short-term  hypoxia  at  an  altitude  of  4240  m,  but  had 
risen  again  by  the  second  hour.  However,  both  the  decrease  and  the  In¬ 
crease  In  systolic  pressure  amounted  only  to  2-4  mm,  a  statistically 
Insignificant  variation. 

As  we  reported  earlier  (Kolchlnskaya,  1955 )>  temporary  residence 
In  the  mountains  causes  ncnunlform  Increases  In  the  erythrocyte  counts 
and  hemoglobin  content  In  persons  of  different  ages.  Very  early,  even 
on  the  fifth  day  of  a  sojourn  at  the  altitude  of  2000  m,  we  observe  an 
Increase  In  the  erythrocyte  count  and  hemoglobin  content  In  children  of 
preschool  age.  In  this  group,  however,  this  Increase  reaches  its  maxi¬ 
mum,  as  ccxnpared  with  other  age  groups,  toward  the  end  of  a  month's 
stay  at  altitudes  of  2000-3000  m.  The  amount  of  hemoglobin  and  erythro¬ 
cyte  count  in  the  circulating  blood  Increased  very  slowly  and  sluggish¬ 
ly  In  elderly  persons. 

Thus,  each  of  the  age  periods  Is  characterized  by  certain  distinc¬ 
tive  features  In  the  adaptation  to  hypoxia.  This  was  shown  with  partic¬ 
ular  clarity  for  t.  a  organisms  of  newborn  animals  by  N.V.  Lauer  (1959, 
1961,  1963)*  As  follows  from  the  material  presented  above,  the  pre¬ 
school  age  has  Its  own  unique  reaction  to  oxygen  Insufficiency.  The 
rhythm  of  respiration  and  the  heartbeat  becomes  more  frequent,  and  the 


organism  still  manages  to  compensate,  although  not  in  an  econcanical 
fashion,  insufficiencies  of  oxygen  in  the  surrounding  air  in  the  alti¬ 
tude  range  from  1000  to  4000  m.  Under  more  chronic  low-level  hypoxia. 
Intensified  hematogenesls,  which  is  most  strongly  manifest  at  this  age 
under  mountain  conditions,  also  begins  to  acquire  a  certain  role  in  the 
organism  of  the  child. 

In  studying  the  acclimatization  of  the  child's  organism  to  hypoxia, 
it  is  also  necessary  to  remember  the  fact  that  the  smaller  the  child  , 
the  greater  the  amount  of  oxygen  that  its  organism  consumes  in  growing, 
and  the  smaller  the  amount  of  energy  that  it  expends  in  performing  mus¬ 
cular  work  (Gel 'mreykh) .  This  last  circumstance  cannot  be  without  sig¬ 
nificance  under  the  conditions  of  hypoxia,  since  the  conflict  between 
the  limited  access  of  oxygen  to  the  organism  and  the  organism's  re¬ 
quirements  will  beccxne  smaller.  The  result  of  all  this  is  that  the 
child's  organism  adapts  to  hypoxic  hypoxia  comparatively  well  in  the 
altitude  range  from  2-4  thousand  meters  above  sea  level.  The  absence  of 
disturbances  to  the  higher  nervous  activity  of  children  at  these  alti¬ 
tudes  serves  to  point  up  the  good  adaptation  of  the  child's  organism. 

During  puberty,  adaptation  to  hypoxia  on  the  part  of  the  external 
respiratory  function  becomes  more  economical,  but  it  is  nevertheless 
somewhat  perfect  than  in  maturity.  As  a  result  of  this,  teenage  boys 
and  girls  show  higher  degrees  of  hypoxemia  than  adults  during  hypoxia 
(Fig.  2),  and,  despite  the  fact  that  their  cardiovascular  systems  react 
more  strongly  than  those  of  adults,  the  tissues  suffer  from  hypoxia. 

This  Important  because  the  oxygen  requirement  of  the  tissues  of  the  Ju¬ 
venile  organism  exceed  those  of  the  adult,  particularly  during  physical 
work.  Further  testimony  to  the  poorer  performance  of  the  Juvenile  or¬ 
ganism  In  hypoxic  hypoxia,  as  compared  to  that  of  the  adult  human.  Is 
found  In  the  greater  changes  In  the  higher  nervous  activity  of  teenage 
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boys  and  girls  at  these  sane  altitudes. 

The  activity  of  the  hypoxic "adaptation  mechanisms  that  provide  for 
delivery  of  oxygen  to  the  tissues  in  maturity  is  most  efficient  and 
econcmical.  In  the  altitude  range  from  4000-5000  m,  the  amplification 
of  external  respiration  and  blood  circulation  can  maintain  the  mature 
organism  with  regard  to  homeostasis  and  keep  the  functioning  of  the  or» 
ganism  as  a  whole  on  a  par  with  normality.  Beyond  this  range  of  alti¬ 
tudes,  the  activity  of  only  these  adaptive  mechanisms  is  found  to  be 
Inadequate  and  "decompensation”  sets  in,  a  phenomenon  observed  in  less 
severe  hypoxic  hypoxia  in  elderly  persons. 
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CERTAIN  DATA  ON  THE  ANATOMICAL-PHYSIOLOGICAL  CHARACTERISTICS 
OF  THE  ORGANISM  OP  CHILDREN  BORN  AND  RAISED  IN 
THE  HIGH  MOUNTAINS 
L.A.  Bryantseva 
(Frunze ) 

The  problem  of  acclimatization  of  the  organism  to  altitude  at  var¬ 
ious  ages  Is  among  those  to  which  little  study  has  been  devoted.  The 
large  population  of  children  living  year  round  at  considerable  alti¬ 
tudes  poses  the  problem  of  studying  the  mechanisms  by  which  the  organ¬ 
ism  of  the  child  adapts  to  mountain  conditions,  as  well  as  e  tablish- 
ment  of  physiological  norms  for  children  born  and  raised  in  mountainous 
terrain. 

The  literature  gives  only  very  little  Information  on  the  anatomi¬ 
cal-physiological  characteristics  of  the  organism  of  children  born  and 
raised  In  the  mountains  (Khurtado,  Monge,  Levi  and  Marton,  Renger-Per- 
el'man),  and  the  children  studied  were  natives  of  the  Andes  and  Davos. 
No  similar  studies  have  been  made  at  all  as  regards  the  mountains  of 
Tlen-Shan,  although  tens  of  thousands  of  children  live  here  at  alti¬ 
tudes  of  I5OO-25OO  m. 

We  have  studied  certain  anatomical-physiological  characteristics 
of  the  organism  of  these  mountain  children.  Our  Investigations  began 
with  anthropometric  measurements  and  studies  of  the  cardiovascular, 
respiratory,  hematogenetlc  and  other  systems  of  children  of  school  age 
In  practically  perfect  health.  Individuals  born  and  reared  at  an  alti¬ 
tude  of  2050  m.  About  8000  Individuals  ranging  In  age  from  7  to  I6  were 
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examined;  In  moat  cases ,  these  were  children  of  the  Kirghiz  nationality 
The  anthropometric  measurements  show  that  certain  proportions  of 
the  body  of  the  mountain  child  tend  to  differ  from  the  corresponding 
indices  for  Kir^is  children  in  Frunze  (altitude  750  m).  The  height  of 
children  bom  and  reared  at  an  altitude  of  2030  m  is  somewhat  shorter 
than  for  children  of  the  same  age  who  live  in  Frunze.  The  weight  of  the 
mountain  children  differs  little  from  that  of  the  Frunze  children. 

TABLE  1 

Ratio  of  Chest  Measurement  to  Height,  in  ^ 
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Ml  II  mr 
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47JN% 
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•\ 

calculated  the  ratio  of  chest  girth  to 
height  for  the  Frunze  children  from  data  fur¬ 
nished  by  B.  Mamytov  (see  Fizicheskoye  raz- 
vitiye  shkol’nikov  g.  frunze"  [Physical  Dev¬ 
elopment  of  School  Children  in  the  City  of 
Frunze],  Trudy  Klrg.  ros.  med.  In-ta,  [Trans¬ 
actions  of  the  Kirghiz  State  Medical  Insti¬ 
tute]  Vol.  XII,  1959). 

1)  Age  of  children;  2)  boys;  3)  girls;  4)  altitude  of  750  m*;  5)  alti¬ 
tude  of  2050  n;  6)  difference  (in  7)  7-10  years. 


Measurement  of  the  girth  at  the  chest  is  of  particular  Interest. 
The  chest  measurements  are  somewhat  larger  for  the  mountain  children 
than  for  children  inhabiting  the  lowland  locality.  If  we  express  the 
ratio  of  the  chest  girth  to  height  in  percent,  our  attention  is  drawn 
to  the  distinct  Increase  of  this  index  in  the  mountain  children  (Table 
1). 

The  physiological  significance  of  this  phencanenon  reduces  to  the 
fact  that  at  a  given  or  even  lower  height,  the  mountain  children  have 
broader  chests,  so  that  they  are  provided  with  better  pulmonary  ventil¬ 
ation.  It  is  true  that  mersureroent  of  the  lung  capacltlec  of  these  same 
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children  did  not  show  such  a  significant  expansion  as  was  found  by 
Khurtado^  Levi  and  Marton  in  children  of  Daves  and  the  Peruvian  Andes. 
In  children  who  had  been  reared  at  altitudes  above  2000  m,  the  vital 
capacity  of  the  lungn  was  only  slightly  higher  than  the  age  norms, 
which  are  given  by  Miller,  Dombrovslcaya  and  Serebrovskaya  (Table  3). 

The  respiration  frequency  in  the  mountain  children  differs  little 
from  the  norms  for  the  age,  those  values  characteristic  for  lowland 
children  (Table  2).  The  MOD  per-mlnut.e  respiratory  volume  is  higher  fcr 
the  mountain  children  than  for  children  living  In  lowland  localities. 

It  is  quite  possible  that  the  altitude  of  2050  m  Is  not  yet  suffi¬ 
ciently  high  to  make  these  changes  manifest  as  sharply  as  was  noted  In 
the  studies  of  other  authors  (Khurtado,  Monge  and  others),  although 
even  at  this  altitude  we  observe  a  tendency  to  those  changes  In  the 
respiratory  organs  that  are  characteristic  for  inhabitants  of  the  high 
mountains. 

The  state  of  the  cardiovascular  system  was  determined  on  the  basis 
of  several  Indices:  the  pulse  rate,  the  blood  flow  volume,  arterial 
pressure,  electrocardiogram,  data  from  caplllaroscopy  and  the  resis¬ 
tance  offered  by  capillaries.  The  pulse -rate  pattern  of  the  mountain 
children  can  be  Inferred  from  the  data  of  Table  4. 


TABLE  2 

Respiratory  Frequency  In  Mountain  Child 
ren 
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04 
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0.4 

OHemM  .  Q. 

11—13 

16-26 

21.4 

24 

0.4 

Mmmikii  .  7 . 

14-16 

16-26 

21.4 

3,1 

0.4 

Amo<iRM  •  0. 

14-16 

16-26 

22.6 

2.6 

0.7 

l)  Sex;  2)  age  (in  years);  3)  range  of  variation;  4)  arithmetic  mean; 
5)  root  mean  square  deviation;  6)  mean  error;  7)  boys;  8)  girls; 
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TABLE  3 

•3 

Pulnonary  Vital  Capacity  (In  cm*^)  In 
Children  Aged  7-10  Years 
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ij  Source;  2)  hoys:  3)  girls;  4)  our  data;  5)  Miller;  6)  Dombrovskaya; 
7}  Serebrovskaya ;  o)  Israelyan;  9)  Shalkov. 

On  coffiparlson  of  our  data  with  those  of  other  authors  who  had 
studied  the  pulse  frequencies  of  children  living  in  lowland  localities. 
It  was  found  that  the  mountain  childrf i  had  slower  pulses  than  the  low¬ 
land  children.  Relative  bradycardia  Is  eicountered  In  children  aged  7- 
10  years  with  particularly  high  frequency;  In  these  Individuals,  the 
average  frequency  of  cardiac  contractions  lies  at  the  very  lowest  limit 
of  the  age  norm.  Bradycardia  is  detected  less  frequently  at  later  ages. 
Relative  bradycardia  was  found  among  the  adult  population  of  Tlen-Shan 
by  Yarkho,  Mlrrakhlmov,  Redllkh,  Filatova  and  others,  and  In  the  Peruv¬ 
ian  Andes  by  Khurtado. 

Electrocardiograms  were  recorded  with  the  object  of  more  detailed 
study  of  the  mountain  children's  cardiac  activity.  EKG's  were  recorded 
In  three  standard  leads  und  six  precordial  leads.  The  EKG  data  for  the 
hlgh-mountaln  children  do  not  differ  greatly  from  the  EKG's  of  children 
reared  In  the  lowlands,  although  15-175^  of  the  children  examined  regis¬ 
tered  low  wave  voltages  and  lOJ^  of  all  children  had  a  high  T-wave,  a 
wave  that  exceeded  all  normal  Individual  variations  characteristic  for 
this  wave  In  lowland  children.  In  occasional  Cuses,  mountain  children 
showed  S-T  Intervals  higher  or  lower  than  the  Isollne  and  splitting  of 
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R  or  S  wave. 


TABLE  4 

Frequency  of  Heart  Contractions  in  Moun 
tain  Children 
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1)  Sex;  2)  age  In  years;  3)  range  of  variation;  k)  arithmetic  mean;  5) 
root  mean  square  deviation;  6)  mean  error;  7)  boys;  8)  girls. 

On  ccxnparlng  the  cardiac  activity  of  children  who  live  year-round 
in  the  high  mountains  with  that  of  children  who  have  only  recently  been 
brought  up  to  this  altitude,  we  can  discern  sharp  differences.  Although, 
according  to  A.Z.  Kolchlnskaya,  the  pulse  rate  considerably  exceeds  the 
Initial  norms  for  nonaccllmatlzed  children  on  the  second  day  of  a  so¬ 
journ  at  the  altitude  of  2000  m,  a  normal  contraction  rhythm  Is  charac¬ 
teristic  for  children  born  and  raised  In  the  high  mountains,  even  with 
the  relative  bradycardia  that  results  In  more  economical  heart  opera¬ 
tion  under  m.ountaln  conditions.  The  determination  of  the  blood  flow 
rate  with  cytltone  Is  reflected  In  Table  5. 

As  will  be  seen  from  Table  5*  the  blocvi  flows  more  slowly  In  moun¬ 
tain  children  than  In  children  who  are  Inhabitants  of  lowland  areas. 
Although  the  blood  return  time  Is  7-8  sec  In  children  aged  7-10  years 
according  to  Leytea,  It  exceeds  these  values  In  the  mountain  children. 
According  to  Smirnov's  data  (6. 1-6. 9  sec)  and  those  of  Mishchenko  (4-7 
sec)  and  others,  this  retardation  Is  even  m.ore  pronounced.  If  we  eval- 
^.uate  the  bloodstream  velocity  In  mountain  children  on  the  basis  of 
"lowland”  norms,  then  we  find  that  In  mere  than  50^  of  those  Investi¬ 
gated  the  blood  flow  rate  was  slower.  Slower  blood  flow  has  also  been 
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observed  by  Mirrakhimov  In  adult  Tien-Shan  locals.  The  slower  blood 
flow  velocity  and  a  certain  bradycardia  may  be  of  positive  value  In 
adapting  the  organism  to  the  conditions  of  the  high  mountains.  As  a  re¬ 
sult  of  the  slower  blood  flow  and  the  elevated  pulmonary  ventilation, 
the  saturation  cf  tnc  blood  with  oxygen  Is  improved  during  its  passage 
through  the  short  [pulmcxiary]  circuit,  i.e.,  jhe  blood  becomes  more 
completely  arterialized.  It  might  be  assumed  that  with  the  Increased 
pulmonary  ventilatlcxi  and  slower  blood  flow,  the  oxygen  saturation  of 
the  blood  during  its  passage  through  the  lungs  will  be  more  complete 
and,  consequently,  the  extent  of  hypoxemia  may  be  lower. 


TABLE  5 

Rate  of  Blood  Flow  in  Mountain  Children 
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1)  Sexj  2)  ago  (in  years);  3)  range  of  variation  (in  sec):  4)  arithme¬ 
tic  mean;  5)  root  mean  square  deviation;  6)  mean  error;  7)  boys;  8) 
girls. 

A  study  of  arterial  pressure  in  adult  local  Inhabitants  of  the 
high  mountains  of  Kirghizia  showed  that  low  arterial  pressure  Is  ob¬ 
served  quite  frequently  and  hypertonia  occurs  much  more  rarely  than  In 
lowland  areas  (Redlikh,  Danlyarov,  Aliyev,  Volkova  and  others).  Since 
we  were  particularly  interested  in  the  problem  of  arterial  pressure  in¬ 
dicators  in  Kirghiz  mountain  children,  we  conducted  large-scale  measure¬ 
ments  of  arterial  pressure  in  children  living  at  various  altitudes.  In 
all,  we  examined  7861  persons;  3502  at  altitudes  of  2050-22C0  m,  2557 
at  an  altitude  of  1750  m  and  1802  at  an  altitude  of  750  m  (Frunze). 

The  arterial  pressure  figures  for  Kirghiz  children  differed  some- 
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what  from  the  norms  Indicated  by  various  authors  for  children  of  other 
localities.  This  difference  was  most  sharply  expressed  In  Frunze  child¬ 
ren,  where  the  systolic  and  diastolic  pressures  were  lower  than  in 
children  of  corresponding  ages  In  lowland  localities.  In  children  liv¬ 
ing  at  altitudes  of  1750  and  2200  m,  the  arterial  pressure  reaches 
higher  values  than  In  Frunze  and  differs  less  from  the  "lowland  norms," 
as  presented  by  Ostrovskiy  and  Braynlna,  Sol ov 'ye  fa,  Tur,  Popov,  Volyln 
skly  et  al.  and  others  for  children  of  the  central  belt  of  the  RSFSR. 

The  state  of  the  capillaries  was  studied  by  caplllaroscopy  In  235 
children.  Basically,  the  caplllaroscoplc  pattern  of  the  mountain  child¬ 
ren  showed  almost  no  departures  from  normal.  In  only  25%  of  those  In¬ 
vestigated  did  the  capillaries  take  the  form  of  very  short  "commas," 
and  In  these  cases  the  number  In  1  mm  was  Increased. 

A  study  of  capillary  resistance  (Nesterov  method)  showed  that  In 
approximately  k0%  of  the  mountain  children,  the  strength  of  the  capil¬ 
laries  was  reduced.  This  Is  In  agreement  with  the  data  of  Mlrrakhlmcv 
and  Preobrazhenskaya,  who  found  a  similar  phenomenon  In  adults  native 
to  the  mountains. 

On  comparing  the  change  In  physiological  reactions  In  children  who 
were  experiencing  acute  exposure  to  altitude  and  children  living  year- 
round  In  the  high  mountain,  we  note  considerable  differences  between 
these  reactions.  While  the  children  recently  brought  up  Into  the  moun¬ 
tains  showed  tachycardia,  quickened  respiration  and  activated  hemopoie¬ 
sis  (A.Z.  Kolchlnskaya ) ,  all  of  which.  In  the  final  analysis,  keeps  thf^ 
partial  0^  pressure  of  the  blood  from  dropping  too  sharply,  children 
born  and  reared  In  the  high  mountains  achieved  a  similar  result  by 
another  route.  It  Is  obvious  that  for  them  an  Increase  In  the  measure¬ 
ments  of  the  chest  cavity  Is  of  greater  Importance  --  a  change  that  re¬ 
sults  In  better  adaotatlon  of  the  respiratory  organs.  The  relative 
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bradycardia  apparently  permits  the  heart  to  work  more  econcmically. 
Finally,  the  presence  of  these  adaptive  reactions  does  not  exclude  tls- 
sue  acclimatizatioi  and  a  possible  decline  in  the  oxygen  requirement, 
such  as  very  probably  is  also  effected  in  acclimatized  organisms  in  the 
mountains  of  Tlen-Shan  (A.D.  Slonim,  Barbashova  and  Glnetslnskly ,  Bar- 
bash  ova,  Filatova  and  others). 
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EXPERIMENTAL  INVEST I GAT I  C»J  OF  CARDIAC -ACTIVITY  DISTURBANCES  IN 

HYPOXIA  IN  YOUNG  PUPPIES 
N.V.  LaueTj  M.M.  Koganovskaya ,  0. P.  Kostenko  and 

M.S.  Bondarevskly 
(Kiev) 

There  Is  an  enormous  body  of  literature  on  the  problem  of  the  ef¬ 
fect  of  oxygen  insufficiency  on  cardiac  activity.  The  data  of  mountain 
expeditions^  physiological  researches  and  clinical  treatment  of  cardio¬ 
vascular  and  pulmonary  disorders,  all  obtained  with  the  aid  of  the 
achievements  of  modern  engineering,  have  in  recent  years  considerably 
broadened  our  conceptions  of  the  functional  possibilities  of  the  heart 
and  pathological  disturbances  to  its  activity  in  oxygen  insufficiency. 

However,  the  question  of  age  in  the  nature  of  the  disturbance  to 
cardiac  activity  in  hypoxia  has  not  been  given  adequate  study.  Of  par¬ 
ticular  Interest  in  this  respect  is  the  early  period  of  the  organism's 
postnatal  development,  when  both  the  heart  Itself  and  its  innervation 
mechanisms  are  in  a  state  of  morphological  and  functional  immaturity. 
Despite  long  study,  the  problem  of  hypoxia  in  Infancy  remains  an  ex¬ 
tremely  urgent  one.  The  mechanisms  by  which  the  asphyxia  that  arises 
during  birth,  or  secondary  asphyxia,  arises  and  their  diagnosis  and 
treatment  and  the  grave  course  taken  by  Illnesses  complicated  by  hypox¬ 
ia  in  children  of  breast-feeding  age  require  study  from  all  aspects. 

Numerous  circumstances  make  it  difficult  to  ascertain  the  distinc¬ 
tive  characteristics  of  early  hypoxia  in  the  clinic;  the  lack  of  initial 
data  and  exact  information  on  the  degree  and  duration  of  hypoxia  in 
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children  who  are  born  In  asphyxia,  by  the  pr^^sence  of  assldent  pheno- 
mencm  in  the  forn  of  extravasation  and  edema  of  the  brain,  and  the  in« 
fluence  of  intoxication  preceding  birth. 

The  task  of  the  present  investigation  was  to  make  an  experimental 
study  of  changes  in  the  electrocardiograms  of  puppies  as  a  function  of 
age  under  the  influence  of  hypoxia,  the  latter  very  strictly  dosed  as 
regards  severity  and  duration.  In  selecting  the  object  of  the  investi¬ 
gation  we  settled  on  the  puppies  because  they  are  more  nearly  compara¬ 
ble  to  children  than  other  experimental  animals  as  regards  the  maturity 
of  the  organism  at  birth  and  the  manner  in  which  the^xtra cardial  in- 
nervation  develops. 

METHOD 

The  investigations  were  run  on  puppies  of  three  age  groups  (from  1 
to  6  days  and  at  two  weeks  and  a  month  and  a  half),  as  well  as  on  full- 
grown  dogs.  A  total  of  over  100  animals  were  investigated.  Oxygen  in¬ 
sufficiency  was  induced  by  "elevating”  the  animals  in  a  low-pressure 
chamber  to  a  "height"  of  15  thousand  meters  with  one -minute  "plateaus. " 
EKQ's  were  recorded  from  the  extremities  in  lead  two  before  the  experi¬ 
ment  and  after  the  "ascent"  in  the  low-pressure  chamber,  at  thousand- 
meter  Intervals.  Mol's  than  a  thousand  electrocardiograms  were  recorded 
and  analyzed  in  the  low-pressure  chamber  during  the  experiments. 

RESULTS  OF  INVESTIGATIONS 

Under  normal  physiological  conditions,  the  puppies  that  we  studied 
in  the  first  age  group  (1-6  days),  the  rhythm  of  the  cardiac  contrac¬ 
tions  was  characterized  by  high  frequency  and  instability  (150-300  per 
1  ;nln).  All  EKG  waves  were  clearly  expressed.  The  EKG  was  distinguished 
by  low  amplitude,  particularly  in  the  R-wave,  a  deep  S-wave  and  a  com¬ 
paratively  long  duration  of  the  ventricular  complex  (0.].8  sec). 

In  the  two-week-old  puppies,  the  cardiac  rhythm  was  even  more  fre¬ 
quent  and  labile  than  in  the  newborn  puppies.  The  EKG  was  characterized 
by  an  Increase  in  the  wave  amplitudes.  However,  the  amplitude  of  the  P 


and  T  waves  had  Increased  to  a  lesser  degree  than  the  R-wave;  at  this 
time,  the  S-wave  had  already  diminished  considerably;  the  duration  of 
the  ventricular  complex  averaged  0.17  sec. 

In  the  puppies  studied  at  one  and  a  half  months,  the  cardiac  rhy¬ 
thm  had  slowed  down  from  the  earlier  rate  to  150-270  beats  per  1  min, 
but  was  nevertheless  still  more  frequent  than  In  full-grown  dogs  (63- 
150  per  1  min).  In  puppies  at  this  age,  the  EKG  was  characterized  by  a 
still  greater  Increase  In  the  ^-wave  (14.7  mm),  a  slight  drop  In  the 
height  of  the  P  and  T-waves  as  compared  with  the  earlier  age,  an  indis¬ 
tinct  or  totally  lacking  S-wave  and  a  more  rapid  progression  of  the 
ventricular  complex  (O.I5  sec). 

In  newborn  puppies,  the  change  In  the  rhythm  of  the  cardiac  con¬ 
tractions  with  Increasing  hypoxia  Is  single -phased  In  nature  and  ex¬ 
pressed  In  a  slowing  down  of  cardiac  activity  without  a  preliminary 
quickening,  as  has  been  observed  In  full-grown  dogs  and  older  puppies. 
Due  to  the  fact  that  In  newborn  Individuals  suffering  from  hypoxia  the 
cardiac  activity  slows  down  progressively,  the  heart  still  beats  195- 
200  times  per  minute  even  In  the  comparatively  acute  oxygen  Insuffi¬ 
ciency  developed  at  the  "altitude"  of  9  thousand  meters,  and  at  48 
times  per  minute  at  the  "altitude"  of  I5  thousand  meters. 

Although  It  is  still  Indistinct,  puppies  of  the  second  age  group 
show  two-phased  variations  of  the  cardiac  rhythm  In  hypoxia.  Beginning 
at  an  "altitude"  of  4-5  thousand  meters,  the  rhythm  o^  the  cardiac  con¬ 
tractions  in  these  puppies  becomes  more  frequent,  reaching  an  average 
of  310  beats  per  minute  at  an 'kltltude"  of  6  thousand  meters,  but  this 
reaction  is  still  unstable  In  the  two-week-old  puppies;  at  the  "alti¬ 
tude"  of  7  thousand  meters,  their  cardiac  activity  begins  to  slow  down; 
at  9-10  thousand  meters,  their  pulses  are  even  slower  than  they  were  to 
begin  with,  although  at  the  "altitude"  of  15  thousand  meters,  the  pulse 


has  slowed  to  approximately  the  same  level  as  In  the  newborn  individu¬ 
als. 

In  puppies  of  the  third  age  group  (I.5  months),  the  first  phase  of 
the  reaction  Is  a  quickening  of  the  heart  rhythm  in  hypoxia  that  is 
more  distinct  as  regards  both  extent  and  duration  than  In  the  two-week- 
old  puppies.  In  both  of  these  groups,  the  pulse  begins  to  quicken  at  an 
"altitude”  of  approximately  4-5  thousand  meters.  At  the  age  of  a  month 
and  a  half,  however,  this  reacticai  is  more  stable,  and  the  quickened 
heart  rhythm  is  retained  up  to  the  "altitude"  of  9  thousand  meters,  at 
which  point  it  has  reached  its  maximum,  corresponding  to  1505^  of  the 
norm.  In  more  acute  hypoxia,  the  month -and -a -ha If -old  puppies  show  a 
deceleration  of  cardiac  activity;  at  the  "altitude"  of  11.5-12  thousand 
meters,  the  heart  beats  slower  than  normal,  and  an  "altitude"  of  15 
thousand  m  the  heartbeat  rhythm  averages  32  beats  per  minute,  l.e..  Is 
decelerated  more  than  In  younger  puppies  under  the  same  conditions. 

The  above  data  indicate  that  under  Identical  conditions  of  pro¬ 
gressively  developing  oxygen  insufficiency,  the  nature  of  the  change  In 
the  cardiac  rhythm  is  a  direct  function  of  the  age  of  the  animal.  In 
agreement  with  literature  data  (Arshavskiy,  Krasnovskaya ,  Krasnovskaya 
and  Mayatnlkova,  Lauer,  Yenlkeyeva  and  others). 

Changes  In  EKG  indices.  In  puppies  of  the  first  age  group  (1-6 
days),  the  EKQ  Indicators  changed  as  follows  under  the  Influence  of  In¬ 
creasing  oxygen  deficiency:  the  amplitude  of  the  P-wave  remained  vir¬ 
tually  urich;anged  to  an  "altitude"  of  10  thousand  meters;  at  the  "alti¬ 
tude"  of  15  thousand  meters.  Its  height  dropped  by  more  than  half  In 
71.6%  of  the  experiments  to  /erage  I.3  mm  (as  against  a  norm  of  3.I 
mm).  The  R  wave  changed  insignificantly  up  to  an  "altitude"  of  12  thou¬ 
sand  meters  and  then  began  to  drop  in  more  acute  stages  of  hypoxia  in 
71^  of  cases  (from  a  normal  value  of  7*1  to  3  mm  at  the  "altitude"  of 
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15  thousand  meters);  In  135^  Its  height  did  not  change  and  In  165^  the 
R-wave  Increased  slightly. 

In  5^«75^  of  the  cases  of  progressive  hypoxia,  the  S-wave  subsided 
beginning  at  an  "altitude"  of  10,000  meters,  did  not  change  In  35*^5^ 
of  cases  and  Increased  slightly  In  9*  95^  of  cases. 

The  amplitude  of  the  T-«ave  changed  very  Insignificantly  In  deep¬ 
ening  hypoxia  (up  to  and  Including  Its  most  acute  stages)  In  the  new¬ 
born  animals  (in  48.6$^  of  cases.  Its  height  dropped  slightly.  In  32. 2$^ 
It  did  not  change  and  In  19* 2^^  It  Increased  slightly,  and  then  only  at 
the  "altitude"  of  14-15  thousand  meters)  The  sharpening  of  the  T-wave, 
which  characterizes  myocardial  hypoxia  In  full-grown  dogs,  did  not  ap¬ 
pear  In  the  newborn  puppies  even  at  critical  degrees  of  oxygen  insuffi¬ 
ciency.  The  typical  criteria  of  acute  oxygen  Insufficiency  In  newborn 
puppies  are.  Instead,  subsidence  and  rounding  of  the  T-wave. 

The  duration  of  the  P-Q  Interval  In  hypoxia  at  the  early  age  is 
distinguished  by  constancy,  and  only  at  high  "altitudes"  (above  12 
thousand  meters)  do  we  note  an  Insignificant  prolongation  -  from  the 
normal  value  of  O.O7  sec  to  0.10  sec. 

The  change  In  the  duration  of  the  ventricular  complex  (Q-T  inter¬ 
val)  Is  clearly  expressed  in  hypoxia  In  newborn  puppies,  and  Is  charac¬ 
terized  by  the  following  Indices:  up  to  an  "altitude"  of  10-11  thousand 
meters,  we  observe  a  progressive  Increase  In  the  Interval  (from  O.18 
sec  under  normal  conditions  to  0.24  sec).  At  deeper  stages  of  hypoxia, 
the  prolongation  of  the  Q-T  Interval  Increases  more  sharply  and  at  the 
"altitude"  of  I5  thousand  m  It  Is  O.36  sec,  l.e..  It  has  doubled  from 
the  normal  value. 

The  Increase  In  the  duration  of  the  ventricular  complex  in  newborn 


I 


puppies  suffering  from  oxygen  insufficiency  takes  place  basically  as  a 
result  of  an  Increase  In  the  duration  of  the  S-T  Interval,  as  well  as 
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distension  of  the  T-wave. 

The  hypoxic  EKG  changes  In  puppies  of  the  second  age  group  (two 
weeks)  show  the  following  pattern:  the  P-wave  shows  a  tendency  to  be¬ 
come  smaller  with  Increasing  oxygen  Insufficiency,  as  In  newborn  pup¬ 
pies  -  beginning  approximately  at  the  "altitude"  of  10-11  thousand  me¬ 
ters. 

In  a  majority  of  cases  the  R-wave  subsides,  and  In  the  oth¬ 

ers  (365^),  Its  amplitude  remains  unchanged;  the  R-wave  was  not  observed 
to  beccxne  higher  In  two-week-old  puppies  during  hypoxia.  As  a  rule,  as 
the  hypoxia  became  more  severe  In  the  two  week  old  puppies  up  to  an  al¬ 
titude  of  4  thousand  meters,  the  amplitude  of  the  R-wave  dropped 
slightly,  then  stabilized  and  Increased  a  little  at  "altitudes"  of  l4- 
15  thousand  meters,  but  did  not  reach  Its  Initial  value. 

In  two  week  old  puppies  suffering  from  hypoxia,  the  S-wave  re¬ 
mained  unchanged  In  535^  of  cases,  diminished  slightly  In  of  cases 

and  rose  slightly  In  16.35^  of  cases  of  acute  oxygen  shortage. 

Under  the  same  experimental  conditions,  the  T-wave  began  to  In¬ 
crease  gradually  In  70.55^  of  cases  at  the  "altitude"  of  7  thousand  me¬ 
ters,  reaching  6.7  mm  or  l60^  of  Its  Initial  value  at  the  "altitude"  of 
13  thousand  m;  In  29. 55^  of  cases,  the  amplitude  of  the  T-wave  showed  no 
change;  In  the  two  week  old  puppies  we  were  unable  to  detect  a  drop  In 
the  height  of  the  T-wave,  as  was  noted  In  the  newborn  puppies  suffering 
frcrni  hypoxia. 

In  our  design  of  the  experiment,  the  duration  of  the  P-Q  interval 
showed  practically  no  change  In  two  week  old  puppies  as  an  effect  of 
hypoxia.  The  duration  of  the  ventricular  complex  In  these  animals 
shortened  slightly  at  medium  "altitudes"  from  4  to  7  thousand  meters) 
(In  which  they  differ  from  puppies  of  the  first  age  group),  and  then, 
as  the  hypoxia  was  aggravated.  It  became  longer,  reaching  0.25  sec  or 
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150i<  of  the  Initial  value  at  the  "altitude”  of  15  thousand  meters. 

In  puppies  of  the  third  age  group  (1.5  months),  the  changes  in  the 
'  EKG  as  an  effect  of  hypoxia  takes  the  following  pattern:  the  P-wave 

changed  In  about  the  same  way  In  hypoxia  as  In  younger  puppies.  However, 
the  change  In  the  amplitude  of  the  R-wave  In  hypoxia  Is  definitely  age- 
connected.  In  the  month -and -a -ha If -old  animals  (In  contrast  to  the  pup¬ 
pies  of  the  first  two  age  groups),  the  R-wave  definitely  diminishes  as 
hypoxia  develops.  At  this  age,  the  decrease  In  the  amplitude  of  the  R- 
wave  begins  at  an  "altitude"  as  low  as  5  thousand  meters.  Vfhlle  the 
height  of  the  wave  Is  of  the  Initial  value  In  newborn  puppies  at 
the  "altitude"  of  15  thousand  meters.  It  Is  only  of  the  norm  in  the 
month  and  a  half  old  puppies  at  the  same  altitude. 

The  height  of  the  T-wave  varied  as  follows  In  month  and  a  half  old 
puppies  suffering  from  hypoxia:  up  to  an  "altitude"  of  10  thousand  me¬ 
ters,  It  did  not  change  substantially,  but  In  more  severe  hypoxia  (in 
contrast  to  the  two  week  old  puppies).  It  rcse  sharply,  reaching  a  miax- 
Imum  at  an  "altitude"  of  12  thousand  meters  (190^  of  the  norm);  In  even 
deeper  hypoxia  at  "altitudes"  of  13-15  thousand  meters,  the  T-wave  in 
these  puppies  decreased  slightly  but  still  remained  In  excess  of  its 
Initial  value. 

The  duration  of  the  P-Q  Interval  In  puppies  one  and  a  half  months 
old  was  extended  from  0.06  to  0.12  sec  at  high  "altitudes"  (11-15  thou¬ 
sand  meters),  l.e..  It  was  longer  than  In  younger  puppies  under  the 
same  conditions. 

At  medium  "altitudes"  (from  6  to  10  thousand  meters),  the  Q-T  in¬ 
terval  was  markedly  shorter,  but  beginning  at  an  "altitude"  of  11-12 
thousand  meters.  It  was  again  prolonged.  The  shortening  of  the  Q-T  in¬ 
terval  noted  at  medium  "altitudes"  In  the  month  and  a  half  old  puppies 
Is  more  strongly  manifest  than  in  the  two -week-olds,  while  the  increase 
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In  the  duration  of  the  ventricular  complex  that  takes  place  in  the  old¬ 
er  puppies  in  the  terminal  phase  of  acute  hypoxia  Is  considerably  Icok 
distinct  than  in  the  newborn  animals. 

The  changes  in  the  size  and  form  of  the  EKG  deflections  and  the  du* 
ration  of  the  record's  Intervals  at  acute  degrees  of  hypoxia  in  month 
and  a  half  old  puppies  have  begun  to  acquire  the  features  observed  in 
these  changes  In  full-grown  dogs  and  man.  Thus,  in  month  and  a  half  old 
puppies  brought  to  "altitudes"  of  10-15  thousand  m,  we  began  to  observe 
an  increase  and  sharpening  of  the  T-wave,  the  S-T  segment  was  displaced 
above  the  isoelectric  line,  and  in  occasional  cases  the  ventricular 
ccxnplex  acquired  a  defljiitely  single -phased  appearance. 

Thus,  in  analyzing  the  results  of  the  investigations  conducted,  we 
must  emphasize  the  presence  of  definite  and  clearly  manifest  age -con¬ 
nected  peculiarities  In  the  changes  of  the  EKG  in  puppies  \inder  the  in¬ 
fluence  of  oxygen  shortage.  During  the  first  few  days  after  birth,  we 
were  unable  to  detect  either  the  phenomenon  of  partial  or  total  block¬ 
age  or  a  rise  and  sharpening  of  the  T-wave,  or  even  fusion  of  the  ven¬ 
tricular-complex  peaks  into  a  single-phase  curve  even  in  the  most  sev¬ 
ere  stages  of  hypoxia,  l.e.,  the  EKG  changes  that  characterize  distur¬ 
bance  of  cardiac  activity  during  oxygen  insufficiency  in  full-grown  an¬ 
imals  were  absent. 

The  data  that  we  obtained  make  it  possible  to  characterize  the  EKG 
changes  in  newborn  puppies  suffering  from  hypoxia  in  the  following  man¬ 
ner.  W^ien  the  organism  is  subject  to  slight  and  moderate  degrees  of  hy¬ 
poxia  during  the  first  few  days  after  birth,  we  observe  relative  con¬ 
stancy  of  the  EKQ  indicators;  in  acute  stages  of  oxygen  insufficiency, 
and  particularly  in  the  terminal  stage,  we  note  subsidence  and  rounding 
of  the  T-wave,  as  well  as  a  distinct  increase  in  the  duration  of  the 
ventricular  complex,  basically  in  the  form  of  longer  S-T  segment  and  T- 
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wave . 

It  is  generally  known  that  the  heart  of  a  newborn  animal  is  dis¬ 
tinguished  by  high  stability  against  various  types  of  disturbances  by 
virtue  of  its  well -developed  automatism.  It  is  necessary  to  note,  how¬ 
ever,  that  the  absence  in  the  newborn  of  the  EKG  changes  typical  for 
oxygen  insuffficiency  in  full-grown  animals  does  not  signify  the  ab¬ 
sence  of  disturbances  to  cardiac  function,  but  rather  indicates  the 
presence  in  these  individuals  of  age-connected  singularities  in  the 
pathology  of  the  heart,  singularities  connected  with  the  developmental 
state  of  the  heart  Itself,  extracardial  factors  and  the  nature  of  the 
tissue -metabolic  processes. 
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m  "raE  INFLUENCE  OF  ACOTE  HYPOXIA  IN  CHANGING  THE  ACID 
RESISTANCE  OF  EFYTHROCYTES  OF  THE  GROWING  ORGANISM 

Yu.V.  Semenov 
(Kiev) 

In  response  to  hypoxia,  the  organism  develops  a  set  of  complex 
adaptatlc»i  processes,  calling  upon  various  functional  systems.  A  number 
of  reactive  changes  also  occur  in  the  erythrocyte  aystera  of  the  blood. 
Among  other  things  we  observe  in  ephemeral  acute  hypoxia  a  fast  reflex 
reaction  in  which  the  erythrocytes  present  in  the  organism  are  redis¬ 
tributed.  The  erythrocyte  reserve  is  expelled  into  circulation  from  the 
various  blood  depots.  The  Increase  in  the  erythrocyte  level  increases 
the  oxygen  capacity  of  the  blood,  and,  having  thus  expanded  Its  trans¬ 
port  capacity  (transfer  of  oxygen),  raises  the  resistance  of  the  organ¬ 
ism  to  oxygen  shortage. 

The  erythrocyte  redistribution  reaction  in  acute  hypoxia  has  been 
studied  for  a  long  time  only  from  the  aspect  of  its  quantitative  indic¬ 
es,  l.e.,  through  the  change  in  erythrocyte  count  and  hemoglobin  con¬ 
tent.  Up  to  this  time,  little  study  has  been  devoted  to  qualitative 
changes  in  the  erythrocytes  as  a  result  of  oxygen  starvation. 

One  of  the  methods  for  qualitative  evaluation  of  the  erythrocytes 
consists  in  determining  their  resistance  to  various  types  of  injurious 
Influences.  Many  methods  exist  for  determining  erythrocyte  stability. 
Their  osmotic,  chemical,  electrical,  radiation,  thermal,  ultrasonic 
and  mechanical  resistances  are  determined.  Among  all  of  these  methods, 
that  in  which  the  chemical  (acid)  resistance  of  the  erythrocytes,  a 


method  based  on  photoelectric  registration  of  the  dynamics  of  the  hemo¬ 
lytic  process,  has  come  to  the  fore  in  recent  years.  The  hemolysis  Is 
produced  by  treating  the  erythrocytes  with  a  dilute  (0.004  N)  solution 
of  hydrochloric  acid.  A  graphic  representation  of  the  percentage  dis¬ 
tribution  of  the  erythrocytes  over  the  time  of  their  decomposition  in 
a  thermostable  hemolytic  medium  is  known  as  an  erythrogram.  The  tech¬ 
nique  was  proposed  by  I. I.  Gitel'zon  and  I. A.  Terskov  in  1957. 

Recently,  a  number  of  papers  have  been  published  by  authors  who 
used  this  method  In  their  Investlga*^ Ions  (A.  I.  Vorob'yev,  O.S.  Golosov, 
L.S.  Solov'yeva,  R.N.  Shatllova,  L.K.  Kozlova,  Yu.V.  Kudryashov,  M.L. 
Kukushkin,  V.P.  Makarov,  S.E.  Mochkina,  C.A.  Bershteyn  and  others).  The 
erythrogram  technique  was  approved  at  the  Ail  Union  Conference  on  the 
Biophysics  of  Erythrocytes  In  1959* 

The  stability  of  erythrocytes  depends  on  many  factors.  The  origina¬ 
tors  of  the  erythrogram  technique  take  the  position  that  the  principal 
factor  determining  the  stability  of  erythrocytes  Is  their  age.  The  pe¬ 
culiarities  of  erythropolesls  also  Influence  the  stability  of  the  ery¬ 
throcytes.  The  physical  chemical  state  of  the  plasma  and  the  erythro¬ 
cytes  Is  also  Important.  In  acute  hypoxia  ,  there  Is  a  possibility  cf 
a  change  in  the  age  composition  of  the  erythrocytes  due  to  their  em¬ 
ergence  Into  the  circulating  blood  from  the  various  depots,  the  arriv.il 
of  young  erythrocytes  from  the  bone-marrow  reserve  and  older  ones  fron 
the  spleen. 

Applying  the  erythrogram  technique,  1. 1.  Gltel'son  and  I. A.  Ter¬ 
skov  (i960)  found  In  experiments  on  guinea  pigs  and  wnlte  mice  that  li: 
the  initial  phase  of  acute  hypoxia,  tae  stability  of  the  erythrocytes 
does  not  diminish  and  may  even  r^se  due  to  the  induction  of  younger 
forms  into  the  blood  stream.  As  vhe  hypoxia  Is  aggravated,  we  detect 
a  drop  in  the  stability  of  the  erythrocytes.  Studying  the  causes  of  the 

-  91  - 


diminished  stability  of  the  red  blood  cells,  the  authors  set  up  experi¬ 
ments  in  two  varishta  in  ehleh  models  of  hypoeapnic  and  hypercapnic 
acute  hypoxia  mere  created  to  obtain  data  Indicating  thet  the  drop  in 
stability  is  not  associated  with  a  change  in  the  pH  of  the  blood.  The 
authors  conclude  that  the  drop  in  the  stability  of  the  erythrocytes  is 
due  to  the  accumulation  of  imcoa^letely  oxidised  metatolism  products  in 
the  blood.  Togher  with  this  assumption,  they  do  not  exclude  the  possi¬ 
bility  of  injury  to  the  erythrocytes  by  other  disturbances  in  the  phy¬ 
sicochemical  state  of  the  plasma.  All  of  these  problems  relating  to 
ctianges  in  the  qualitative  coaposltion  oi  the  erythrocytes  in  acute  hy¬ 
poxic  states  are  of  great  Interest,  but  the  study  that  has  been  given 
them  has  been  complely  inadequate  . 

Recently,  differences  in  the  organism  to  oxygen  starvation  at  ear¬ 
ly  ages  and  in  maturity  have  definitely  been  established. 

First  to  report  on  this  natter  was  P.  Ber  (1878).  On  more  than  one 
occasion,  N.N.  Sirotinin  noted  a  drqp  in  resistance  to  oxygen  defi¬ 
ciency  during  the  process  of  the  organism's  phylogenetic  and  ontogene¬ 
tic  deveopment. 

In  his  monograph  entitled  'Voprosy  patofiziologii  gipoksishesklkh 
sostoyanly  novorozhdennykh”  [Pathophysiological  Problems  of  Hypoxic 
States  in  the  Newborn],  N.V.  Lauer  (1939)  analyzes  literature  data  and 
a  large  volume  of  his  own  experimental  results  to  arrive  at  the  posi¬ 
tive  conclusion  that  young  animals  and  newborn  children  show  relatively 
high  resistance  to  acute  hypoxia. 

There  are  also  differences  in  the  qualitative  composition  of  the 
blood  between  early  life  and  maturity.  P.A.  Lokshina  (1937)  found  that 
the  osmotic  resistance  of  erythrocytes  during  ^he  nurshing  period  is 
higher  than  in  adults,  chiefly  as  a  result  of  an  increased  nun^er  of 
highly  stable  forms  with  the  same  number  of  low-stability  forms.  Com- 
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paring  the  osmotic  resistance  of  the  erythrocytes  in  premature  Infants 
and  nursing  children,  she  detected  higher  stability  of  the  red  blood 
cells  to  hypotonic  solution  In  the  former  category.  This  rise  In  th' 
stability  of  the  erythrocytes  was  due  to  an  Increase  in  the  number  of 
hlgh-reslstance  forms  and  a  drop  In  the  content  of  low -resistance  forme. 

I, I.  Gltel’zon,  I. A.  Terskov  and  L.V.  Tlkhanovlch  {296O)  estab¬ 
lished  In  experiments  on  rabbits  that  the  acid  resistance  of  the  ery¬ 
throcytes  Is  considerably  higher  In  embryonic  and  newborri  rabbits  than 
in  the  full-grown  animals.  The  erythrograms  of  the  offspring  are  char¬ 
acterized  by  a  sharp  right  shift  due  to  the  highly  stable  forms.  During 
the  process  of  embryonic  development,  the  qualitative  ccsnposltlon  of 
the  blood  cells  being  produced  changes  continuously  in  the  direction  of 
lower  erythrocyte  stability,  but  by  the  neonatal  period,  the  resistance 
of  the  erythrocytes  still  remains  considerably  higher  than  that  ob¬ 
served  In  maturity. 

Taking  Into  account  the  fact  that  the  organism’s  reaction  to  oxy¬ 
gen  starvation  js  different  In  early  life  and  maturity,  and  bearing  In 
mind  data  on  the  age-connected  peculiarities  of  the  qualitative  ery¬ 
throcyte  composition.  It  Is  natural  to  conclude  that  the  nature  of  the 
shifts  In  the  qualitative  composition  of  the  blood  erytnrocytes  will 
also  show  differences  In  acute  hypoxia  between  these  age  phases.  We 
have  been  unable  to  find  any  Information  on  this  question  in  the  liter¬ 
ature  available  to  us. 

We  perceived  our  task  In  the  study  of  the  erythrocyte  reactions  in 
the  growing  organism  during  acute  hypoxic  states.  With  this  objective, 
we  decided  to  use  the  erythrogram  method  to  obtain  an  evaluation  of  the 
qualitative  shifts  In  the  erythrocyte  composition  of  the  blood  In  addi¬ 
tion  to  the  conventional  quantitative  characterization  of  the  erythro¬ 
cyte  reactions.  The  present  paper  presents  the  first  results  of  our  in- 


vestigations. 

Experlaents  were  run  (»i  l3  doge^  of  i^leh  6  were  sexually  mature 
(1.5-2  years),  6  newborn,  6  two -weeks -old  and  5  a-month-and-a-half-old, 
the  latter  taken  fro*  a  group  that  had  "ascended”  In  the  low-pressure 
chamber  one  moith  earlier,  at  the  age  of  two  weeks.  Acute  hypoxia  was 
produced  by  "elevating”  the  animals  in  the  low-pressure  chamber,  admin¬ 
istration  of  oxygen -deficient  gas  mixtures  through  a  spirograph,  and 
constricting  the  trachea. 

In  analyzing  the  erythrogram,  we  worked  from  the  recommendations 
of  A. I.  Vorob’yev  and  took  the  difference  between  the  first  and  last 
readings  of  the  optical  density  of  the  erythrocyte  suspension  undergo¬ 
ing  hemolysis  as  the  working  figure. 

The  spherulatlon  phase  of  the  erythrocytes  Is  not  differentiated 
by  this  calculation  method.  In  evaluating  the  erythrogram  curve,  we 
took  Into  account  the  length  of  the  erythrogram,  the  time  and  percen¬ 
tage  of  the  maximum,  premaxlmum  and  postmaxlmum  lysis  of  the  erythro¬ 
cytes,  the  percentage  content  of  low-stability  (0.5-2  min),  medium- 
stability  (2. 5-3* 5  rain)  and  hlgh-stablllty  cells  available  In  the  In¬ 
terval  from  4  min  prior  to  the  end  of  hemolysis.  These  time  Intervals 
characterize  the  stability  of  the  three  basic  groups  of  erythrocytes 
and  are  admissible  as  a  qualitative  criterion  only  for  evaluation  of 
canine  erythrocytes,  since  the  erythrograms  of  other  species  of  animals 
may  differ  and  the  evaluation  of  the  relative  stability  of  the  erythro¬ 
cytes  from  their  hemolysis  times  may  differ  with  respect  to  the  Inter¬ 
vals  adopted. 

The  originators  of  the  acld-erythrogram  technique  found  that  the 
stability  of  mannallan  erythrocytes  (with  respect  to0.004N  HCl)  lies 
In  range  from  1-20  min  (i960). 

Two  series  of  experiments  were  run  on  full-grown  dogs.  In  the 
first  series,  four  full-grown  dogs  were  "elevated"  in  the  low-pressure 
chamber  to  an  "altitude”  of  5000  m.  The  total  time  taken  for  the  "as¬ 
cent"  and  "descent”  with  three-minute  "plateaus"  every  1000  m  came  to 
about  44  min.  The  5000-meter  altitude  Is  physiologic  y  equivalent  to 
breathing  air  containing  1\,2%  of  oxygen.  The  blood  specimen  was  taken 
Inanedlately  after  the  "descent." 

The  results  of  the  experiments  Indicated  that  In  three  of  the  dogs, 
the  number  of  erythrocytes  In  1  nan"^  rose  by  0. 2-1.0  million,  while  the 
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stability  decreased  due  to  the  larger  number 
of  low-atablllty  cells  and  the  smaller  number 
of  highly  stable  forms  (Pig.  l).  In  on*-  dog 
(Saturn),  the  number  of  erythrocytes  dropped 

#  1  f  .  4  i  # 

by  1.4  million.  Here  It  was  observed  that  the 

Pig.  1.  Left  shift  stability  of  the  erythrocytes  In  this  animal 

In  erythrogram  of  the 

full-grown  dog  Shkhel’-  had  changed  somewhat  due  to  the  smaller  num- 
da  after  an  "ascent"  to 

5000  m.  1)  Before  "as-  ber  of  low-stablllty  cells  (from  8  to  6.5^) 
cent;  2)  after  "ascent." 

a)  Erythrocytes,  5^;  B)  and  an  Increase  In  the  number  of  highly  sta- 
mlnutes. 

ble  cells  (from  1.3  to  2.6^). 

In  the  second  series  of  experiments.  In  which  the  spirograph  was 
”sed,  a  more  severe  state  of  hypoxia  was  Induced.* 

When  10  minutes  had  elapsed  from  the  start  of  the  experiment,  at 
which  point  the  oxygen  content  In  the  Inspired  air  had  fallen  to  11 -l4^ 
(which  corresponds  to  an  altitude  of  3400-5000  m)  and  the  oxygen  satur¬ 
ation  of  the  blood  had  decreased  to  73-89^#  It  was  not  possible  tc  ae- 
tect  any  distinct  tendency  to  Increase  the  number  of  erythrocytes  in 
the  6  full-grown  dogs  used  In  the  experiment.  On  the  other  hand,  the 
stability  of  erythrocytes  had  clearly  diminished  by  this  time.  This  was 
manifest  In  a  change  In  the  erythrogram  curve  due  to  an  Increase  In  the 
content  of  low-stablllty  cells  and  a  left  shift  In  the  medium-stability 
range.  At  15  min  from  the  start  of  the  experiment,  the  oxygen  concen¬ 
tration  in  the  Inspired  air  had  dropped  to  6. 1-9*7/^  (which  corresponds 
to  an  altitude  of  6000-9400  m).  The  oxygen  saturation  of  the  blood  fell 
to  43-75^-  During  this  phase,  all  dogs  were  observed  to  have  erythro¬ 
cyte  counts  higher  by  0. 2-1.0  million,  and  a  tendency  toward  higher 
erythrocyte  stability  was  noted. 

At  17-29  min  from  the  start  of  the  experiment,  the  oxygen  content 
In  the  Inspired  air  was  down  to  4.2-6.6j^,  which  corresponds  to  an  alti- 
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tude  of  about  9300  m,  while  the  oxygen  saturation  of  the  blood  had  fal¬ 
len  to  At  the  end  of  the  ex|>erlBent«  there  was  a  distinct  ery¬ 

throcyte  reaction.  Three  of  the  dogs  out  of  the  six  showed  erythrocyte 
counts  higher  by  1.0-1. 4  Billion^  while  the  other  three  showed  0. 7-0.8- 
mllllon  increases.  At  this  tine,  the  increase  in  erythrocyte  stability 
and  its  approxination  to  the  initial  value  was  clearly  in  evidence.  It 
is  possible  that  this  is  due  to  an  influx  of  fully  viable  cells  fr<xn 
the  reserve. 


Pig.  2.  Normal  erythrograms  of 
the  full-grown  dog  Kazbek  (solid 
line)  and  newborn  puppy  No.  2 
(dashed  line).  A)  Erythrocytes, 

B)  minutes. 

The  results  of  10  experiments  on  6  full-grown  dogs  and  17  experi¬ 
ments  on  12  puppies  indicated  the  existence  of  age -connected  differen¬ 
ces  in  the  qualitative  erythrocyte  ccxnposition.  The  erythrograms  of 
newborn  puppies  differ  sharply  from  those  of  full-grown  animals  (Fig. 
2).  Prom  the  erythrograms  shown  for  the  adult  and  newborn  animals,  it 
can  be  seen  that  the  erythrogram  of  the  ’^normal"  newborn  animal  is 
shifted  quite  far  to  the  right  and  drawn  out  to  8.3  min.  In  full-grown 
dogs,  the  time  for  total  lysis  of  the  erythrocytes  is  5  +  0.3  min.  In 
the  blood  of  newbozn  puppies  we  observed  up  to  70-78jlt  of  highly  stable 
erythrocytes. 

In  inducing  acute  hypoxia  in  the  puppies,  we  took  their  elevated 
resistance  to  oxygen  starvation  into  account.  Puppies  of  all  age  groups 


were  "elavated"  to  8000  m  with  a  30-iBlnute  exposure.  In  some  of  the  ex¬ 
periments  the  "height  of  the  ascent"  reached  10,000-12,000  m.  In  two  of 
the  six  newborn  puppies,  acute  hypoxia  was  Induced  by  compressing  the 
trachea  (asphyxia).  Our  Investigations  showed  that  Irrespective  of  the 
method  used  to  Induce  acute  hypoxia  In  newborn  puppies,  peculiar  chang¬ 
es  were  to  be  observed  In  the  qualitative  erythrocyte  picture.  Under 
the  conditions  of  moderate  (8000  m)  and  severe  hypoxia  (asphyxia),  the 
stability  of  the  erythrocytes  of  the  newborn  puppies  remains  unchanged 
or  even  rises  significantly.  A  sharp  right  shift  In  the  erythrogram, 
with  the  maximum  displaced  to  the  right,  was  observed  In  three  puppies 
out  of  the  six  (Fig.  3)-  In  none  of  the  full-grown  dogs  did  we  observe 
such  right  shifts  In  the  erythrogram  In  acute  hypoxia.  In  one  puppy 
("ascent"  to  10,000  m),  we  found  signs  of  a  slight  left  shift  In  the 
Interval  of  medium  stability.  We  did  not  observe  any  distinct  tendency 
to  Increase  the  erythrocyte  count  In  the  newborn  puppies  after  acute 
hypoxia. 


Fig.  3*  Right  shift  In  erythrogram  of  newborn  pupply  No.  3  after  "as¬ 
cent"  to  8000  n  with  exposure  lasting  30  min.  Legend  same  as  for  Fig.  1. 
a)  Erythrocytes,  B)  minutes. 

In  the  two-week-old  puppies  we  were  unable  to  detect  preservation 
or  Increase  of  erythrocyte  stability  with  the  same  distinctness  as  In 
the  newborn  Individuals.  Only  In  two  of  the  six  two-week-old  puppies 
did  we  observe  an  Increase  In  erythrocyte  stability.  In  the  other  four, 
the  erythrocyte  stability  diminished  as  a  result  of  the  left  shift  in 


the  inedlum-*stablllty  Interval  (in  cme  case,  with  a  left  shift  of  the 
naxiBUB  by  0.3  Bin,  a  decrease  In  the  nua^er  of  highly  stable  forms  and 
an  increase  in  the  nuidser  of  low  •stability  forms 

In  the  quartitative  shifts,  we  noted  a  tendency  to  an  increase  in 
erythrocyte  count.  In  contrast  to  the  newborn  and  two-week-old  puppies, 
all  five  of  the  mcxith-mnd-a-half  old  puppies  tested  showed  a  consider¬ 
able  dreg)  in  the  stability  of  the  erythrocytes  with  a  shift  in  the  de- 
coBiposition  raximuB  by  0.5  min,  an  Increase  in  the  content  of  low -stab¬ 
ility  cells  by  5-7Ji  and  a  2-8  or  even  23J^  decrease  in  the  highly  stable 
forms.  The  quantitative  shifts  were  of  different  kinds.  In  some  puppies, 
the  number  of  erythrocytes  showed  practically  no  change,  while  in  oth¬ 
ers  it  was  shifted  toward  a  decrease  or  increase  with  small  deviations 
from  the  initial  value. 

Thus,  the  data  that  we  obtained  indicate  the  existence  of  age -con¬ 
nected  differences  in  the  changes  that  appear  in  the  qualitative  ery¬ 
throcyte  ccmpositlon  during  acute  hypoxia.  These  differences  come  par¬ 
ticularly  clearly  to  the  fore  when  we  compare  the  erythrocyte  reactions 
in  full-grown  and  newborn  animals.  It  can  also  be  observed  that  there 
are  differences  between  early  life  and  maturity  in  the  quantitative 
characteristics  of  the  erythrocyte  reactions  as  well.  While  almost  all 
of  the  full-grown  doge  showed  the  same  type  of  shift  in  the  number  of 
erythrocytes  at  a  given  depth  of  acute  hypoxia,  there  was  no  such  con¬ 
sistency  among  the  puppies. 

It  is  necessary  to  note  a  divergence  of  our  data  from  those  of  I. I. 
Qltel'xon  and  I. A.  Terskov  as  regards  the  change  in  erythrocyte  stabil¬ 
ity  in  the  initial  phase  of  acute  hypoxia  and  the  later,  more  profound 
phases  (experiments  on  guinea  pigs  and  white  mice).  In  the  experiments 
on  full-grown  dogs,  we  noted  a  drop  in  the  stability  of  the  erythrocytes 
in  the  initial  phase  and  recovery  of  stability  (approach  to  the  initial 


value)  in  the  deeper  phases.  This  Is  perhaps  due  to  the  specific  pecul¬ 
iarities  of  the  experimental  animals. 

The  complex  nature  of  the  changes  in  the  organism's  internal  med¬ 
ium  during  acute  oxygen  starvation  makes  it  extremely  difficult  to  es¬ 
tablish  the  causes  for  the  change  in  the  acid-resistance  of  the  ery¬ 
throcytes  in  this  state.  To  render  palpable  the  nature  of  the  qualita¬ 
tive  changes  in  the  erythrocytes,  it  is  necessary  to  take  into  account 
that  the  resistance  of  the  erythrocytes  to  various  injurious  factors 
determines  certain  of  their  properties.  Hence  it  is  very  Important  tc 
know  exactly  what  properties  of  the  erythrocytes  are  determined  by  its 
stability  to  dilute-acid  hemolysis. 

Our  attention  is  also  drawn  to  the  disagreement  between  the  rise 
in  stability  of  the  basic  erythrocyte  group  and  the  absence  of  an  In¬ 
crease  in  erythrocyte  count.  This  lack  of  correspondence,  which  we  ob¬ 
served  in  newborn  puppies  undergoing  acute  hypoxia,  makes  it  difficult 
to  account  for  the  right  shift  in  the  erythrogram  by  arrival  of  more 
stable  erythrocytes  in  the  blood.stream. 

The  erythrogram  technique  is  valuable  fcrlts  objectivity  and  the 
possibility  of  differentiating  the  erythrocytes  qualitatively.  Use  of 
this  method  to  determine  the  qualitative  characteristic  of  the  erythrv.- 
cyte  shifts  in  hypoxia  is  Important  in  itself,  but  establishment  of  th, 
physiological  significance  of  these  shifts  is  of  particularly  great  in¬ 
terest.  At  the  present  time,  however,  this  question  is  still  unclear 
and  further  research  will  be  necessary  to  resolve  it. 
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95  The  experimental  data  represent  a  fragment  of  a  complex  study 

made  of  adaptive  processes  to  hypoxia  by  N.V.  Lauer,  A.Z. 
Kolchlnskaya,  V.V.  Turanov  and  M.M.  Seredenko. 


-  99  - 


SIGNIFICANCE  OF  HYPOXEMIA  IN  THE  PATHOLOGY  OF  CHILEHOOD 
Yu.F.  Dcsabrovskaya ,  A.S.  Chechulln,  A.N.  Dombrov- 

skiy  and  A. A.  Rogov 
(Mojscow) 

Hypoxemia  and  the  closely  related  respiratory  Insufficiency  lie  at 
the  roots  of  childhood  pathology  In  a  number  of  Illnesses.  During  all 
of  Its  age  phases «  the  organism  of  the  child  Is  particularly  sensitive 
to  disruption  of  gas  metabolism. 

At  the  present  time.  Infant  mortality,  usually  during  the  first 
few  days  of  life,  occupies  the  foremost  position  among  all  causes  of 
death  In  childhood.  As  we  know,  this  problem  has  been  the  object  of 
penetrating  study  on  the  part  of  obstetricians  and  pediatricians.  Of 
particular  importance  to  the  pediatrician  is  the  so-called  Intrauterine 
asphyxia,  which  causes  the  development  of  a  number  of  disorders. 

The  problem  of  anoxia  or  hypoxia  in  the  fetus  Is  of  exceptionally 
great  Importance,  since  preventive  measures  against  birth  Injuries  are 
related  to  It.  It  has  been  established  that  Intrauterine  asphyxia  and 
birth  tmuma  are  very  closely  related  to  one  another. 

Experimental  studies  devoted  to  the  problems  of  artificial  intra¬ 
uterine  asphyxia  Indicate  the  development,  as  a  result  of  oxygen  star¬ 
vation,  of  significant  changes  In  the  blood  vessels  and  particularly 
those  of  the  brain  and  lungs. 

Intrauterine  asphyxia  may  be  of  various  origins,  i.e..  It  may  take 
the  form  of  anemic,  toxic,  or  circulatory  hypoxia  depending  on  the  na¬ 
ture  of  the  disturbance  to  the  normal  course  of  pregnancy. 
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According  to  data  frcxn  the  major  birth  clinics  of  Moscow,  Intra¬ 
uterine  asphyxia  has  caused  stillbirths  in  325^  of  cases.  Moreover,  even 
after  the  child  has  been  born  (on  the  average.  In  up  to  405^  of  cases), 
infants  with  confirmed  diagnoses  of  intrauterine  asphyxia  may  develop 
various  forms  of  pathology,  preferentially  respiratory. 

At  the  VJII  International  Congress  of  Pediatricians  (Copenhagen, 
1957),  it  was  proposed  that  a  number  of  forms  of  neonatal  anoxia  be 
distinguished  -  forms  with  disturbances  to  functions  of  the  central 
nervous  system  and  forms  with  derangement  of  functions  of  other  organs 
and  systems. 

In  view  of  this  great  importance  of  respiratory  insufficiency  dur¬ 
ing  the  first  few  days  of  the  infant's  life,  we  made  an  investlgatlcn 
of  newborn  infants  that  had  come  to  the  clinic  with  developed  pneumonia 
and  whose  anamneses  indicated  various  forms  of  asphyxia.  We  established 
that  fertile  soil  was  usually  provided  for  the  development  of  pneumonia 
in  children  in  their  first  month  of  life  by  a  special  state  of  the 
lungs  —  the  so-called  pneumonosls. 

The  pneumonosls  is  associated  with  the  presence  of  vascular  dys¬ 
function,  extravasation  and  minor  atelectasis  and,  as  a  rule,  these 
changes  are  observed  in  children  who  have  survived  intrauterine  and 
postnatal  asphyxia. 

On  analysis  of  the  external  respiration  indicators  in  a  group  of 
children  in  the  first  month  of  life,  we  were  able,  on  the  basis  of  pneu¬ 
mography  data,  to  establish  extremely  superficial  respiration  as  char¬ 
acteristic  for  this  group  of  children  -  respiration  closely  resembling 
the  Che yne -Stokes  and  Kusmaul  types. 

As  we  knon,  one  of  the  early  symptoms  of  pneumonia  in  children 
less  than  a  month  old  is  early  cyanosis.  The  presence  of  cyanosis  has, 
so  to  speak,  predetermined  the  development  of  hypercapnia  and  hypoxemia. 
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l.e.,  iJBpoverl8i«Bent  of  the  organism  In  oxygen  coupled  with  an  Increase 
In  carbon  dioxide  concentration.  However,  on  dynamic  study  of  the  gas 
composition  of  the  blood,  we  were  able  to  establish  that  the  so-called 
hyperoxla,  l.e.,  an  increase  in  oxygen  content,  is  observed  in  newborn 
Infants  and  particularly  In  premature  Infants  when  the  pneumonia  dev¬ 
elops.  Also  established  was  an  increase  In  the  amount  of  reduced  hemo¬ 
globin,  which  Indicates  ilgnlflcant  changes  in  oxidation-reduction  pro¬ 
cesses. 

Closely  related  to  the  above  facts  are  problems  of  oxygen  therapy 
ard  aerothcrapy.  Following  the  use  of  massive  oxygen  therapy  -  prolonged 
residence  of  the  child  in  an  oxygen  tent  in  an  atmosphere  with  a  high 
oxygen  content  -  reports  began  to  appear  in  the  literature  indicating 
that  prolonged  oxygen  therapy  was  dangerous  and  might  result  in  the 
development  of  retrobulbar  dysplasia  and  incurable  blindness  in  the 
child. 

It  is  known  from  practice  that  it  is  precisely  among  children  in 
the  first  month  of  life,  and  among  the  prematurely  born  in  particular, 
that  oxygen  therapy  applied  by  the  jet  method  from  an  oxygen  bag  may 
result  in  collapsold  with  general  pallor  and  adynamia. 

In  the  light  of  our  investigations,  which  indicate  a  high  Inci¬ 
dence  of  hyperoxla  in  children  of  this  age  group,  the  negative  reaction 
described  becomes  understandable.  Together  with  this,  extensive  aero- 
therapy  normalizes  the  pneumogram  and  has  a  favorable  effect  on  the  gas 
composition  of  the  blood. 

Antibiotic  and  sulfa  therapy  produce  no  substantial  effect  on  elth 
er  the  external  respiratory  indices  or  the  gas  con^ositlon  of  the  blood 
but  complex  treatment  -  the  use  of  biogenic  stimulants  in  combination 
with  metered  oxygen  therapy  with  oxygen  contents  no  greater  than  k0%  In 
the  inspired  air  -  does;  as  we  know.  In  children  in  the  first  month  of 


life,  the  variation  of  the  blood  gas  composition  does  not  have  a  strict¬ 
ly  expressed  hypoxemic  or  hypercapnic  nature,  and  this  must  be  taken 
into  account  in  prescribing  treatment. 

The  higher  we  go  on  the  age  ladder,  the  more  distinctly  is  the 
combination  of  classical  symptoms  determining  respiratory  insufficiency 
dravm.  In  children  older  than  3  months  of  age,  hypoxemia  becomes  clear¬ 
ly  manifest,  i.e.,  the  oxygen  content  in  the  arterial  and  venous  blood 
drops,  and  hypercapnia  emerges,  i.e.,  the  carbon  dioxide  content  rises. 

Use  of  oxygen  therapy  for  children  of  this  age  group  is  a  highly 
effective  method  of  treatment  in  the  intricate  system  of  complex  mea¬ 
sures  taken  against  pneumonia. 

As  we  know,  intestinal  toxicoses  are  accompanied  by  respiratory 
insufficiency,  which  frequently  results  in  acute  development  of  hypox¬ 
emia  or  develops  slowly,  contributing  to  the  appearance  of  hypoxemia  at 
a  later  time,  but  nongaseous  acidosis,  a  consequence  of  which  is  oc¬ 
casionally  the  development  of  gaseous  acidosis,  i.e.,  hypercapnia,  is 
found  at  the  roots  of  this  group  of  disorders. 

When  the  pneumonia  takes  a  grave  course  in  older  children,  respir¬ 
atory  hypoxemia  and  hypercapnia  are  observed  during  the  first  few  days 
of  the  illness,  and  are  accompanied  by  changes  in  such  indices  of  the 
oxidative  processes  as  the  vitamin  C  level  and  the  levels  of  thiamine, 
carboxidase  and  glutatiilon.  However,  the  difficult  breathing  observed 
in  these  chilldren  cannot  be  accounted  for  simply  by  the  accumulation 
of  carbon  dioxide.  Deceleration  of  the  oxidation  process  in  the  tissues 
is  of  enormous  importance  in  its  development;  it  results  in  the  foi-ma- 
tion  of  products  that  have  not  been  fully  oxidized  -  among  others,  lac¬ 
tic  and  pyruvic  acids. 

We  conducted  our  observations  under  dynamic  conditions  and  made  an 
effort  to  Juxtapose  them  with  the  development  of  relapses,  protraction 
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of  the  pneuBonla  and  Its  transition  to  the  chronic  fonc.  We  succeeded 
In  establishing  that  the  younger  the  child,  the  laore  slowly  Is  the  af> 
fected  blood  gas  coi|)osltlon  restored,  despite  noraallzation  of  the  ex¬ 
ternal  respiration  as  registered  by  the  pneuiaogram  and  the  apparent  on¬ 
set  of  clinical  recovery.  Ihe  age-connected  peculiarities  of  the  adap¬ 
tive  reaction  In  hypoxemia  are  based  on  this  fact. 

The  prolonged  ai^jerflclal  respiration  characteristic  for  all  forms 
of  respiratory  dls aiders  In  children  less  than  a  month  old  is,  accord¬ 
ing  to  Kholden,  sufficient  In  Itself  to  fatigue  the  respiratory  center, 
with  the  result  that  respiration  becomes  even  shallower  and  its  fre¬ 
quency  quickens.  Uie  oxygen  expired  here  Is  a  kind  of  recognition  meth¬ 
od  for  determining  the  reserve  strength  of  the  respiratory  center  and. 
In  particular,  inadequate  development  of  the  reflexogenlc  zones  -  slno- 
carotic  and  aortic  -  which  is  responsible  for  the  weak  adaptive  reac¬ 
tion  in  this  group  of  children. 

Our  clinical  observations  provided  a  basis  for  experimental  stud¬ 
ies  carried  out  over  the  course  of  the  last  few  years  at  the  Central 
Scientific  Research  Laboratory  of  the  Ist  Wtoscow  Medical  Institute,  Or¬ 
der  of  Lenin,  with  the  peu^tlclpation  of  our  colleagues  A. S.  Chechulln, 
A.  N.  Dombrovskly  and  A.  A.  Rogov. 

Inducing  artificial  oxygen  starvation  in  rats  at  various  ages,  we 
determined  the  nature  of  respiration,  the  blood  reaction,  and  erythro¬ 
cyte  diameter  on  these  animals  and  then  subjected  their  organs  to  mor¬ 
phological  study  a  ■‘ter  certain  Intervals  of  time  had  elapsed  In  acute 
oxygen  starvation. 

We  established  that  newborn  rate  survived  longer  residence  in  a 
medium  deficient  In  oxygen  than  the  older  animals  In  spite  of  their 
poor  over-all  adaptation,  a  insult  of  their  having  gone  over  to  anaer¬ 
obic  respiration. 
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The  older  the  auilBal  subjected  to  the  experiment,  the  more  dis¬ 
tinct  were  its  adaptation  mechanisms  and  the  more  strikingly  did  the 
pattern  of  reaction  on  the  part  of  the  central  nervous  system  emerge  in 
the  form  of  restlessness  and  spasms  of  the  clonic  and  tonic  types. 

On  nwrphological  examination  the  organs  of  animals  that  had 
been  subjected  to  acute  oxygen  starvation,  a  significant  reaction  on 
the  part  of  the  vascular  and  interstitial  tissues  of  the  lungs,  blood 
vessels  and  parenchyma  of  the  heart,  liver  and  kidneys  was  observed 
(Fig.  1). 

Thus,  our  hypotheses  to  the  effect  that  asphyxia  sets  up  a  premor- 
bld  state  for  the  development  of  pneumonia  was  confirmed  by  the  exper¬ 
iment  conducted  (Pig.  2). 

Under  the  conditions  of  the  oxygen- starvation  experiment,  we  es¬ 
tablished  progressive  development  of  a  reaction  on  the  part  of  the  pul¬ 
monary  interstitial  tissues  in  the  form  of  emphysema,  swelling  and  so¬ 
lution  of  collagen  fibers  and  subsequent  development  of  sclerosis,  l.e., 
we  observed  the  changes  typical  of  chronic  interstitial  pneumonia  (Fig. 
3). 

Having  established  the  Inadequacy  of  local  changes  in  the  organs 
in  oxygen  starvation  and  the  survival  times  of  the  animals,  we  subjec¬ 
ted  the  tissues  of  a  number  of  organs  to  hlstocherJ.cal  analysis.  We  de¬ 
termined  the  activity  of  the  oxidation- reduction  process  in  the  organs 
and  tissues,  i.e.,  essentially  we  attempted  to  investigate  tissue  res¬ 
piration  (Fig.  U). 

Reactions  to  certain  flavin  enzymes  and  to  cytochrome  oxidase 
were  also  used.  As  a  result  of  these  investigations,  we  established 
that  oxygen  starvation  causes  diffusion  cf  the  respiratory  enz;^Tne  out 
of  the  Intracellular  formation  and  that  such  pharmaceutical  agents  as 
vitamin  raise  the  activity  of  the  oxidation-reduction  enzyme  in  the 
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Fig.  1.  Lung  of  S-d&y  old  x*at  (2  hours  of  oxygen  starvation).  Thicken¬ 
ing  of  Interalveolar  partitions  due  to  proliferation  'cells  with  base 
philic  protoplasm  and  hypochromic  nuclei;  transsudate  in  cavities  of 
alveoli  (Stain:  hematoxylin-eosin^  magnification  10  x  20). 


i 
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Fig.  2.  Lung  of  3-day-old  rat  (3  hours  of  oxygen  starvation).  Coaretn- 
ing  of  argyrophilic  fibers  in  vessel  walls,  increased  r-rgyrophilism  of 
reticular  fibers  in  alveolar  walls  (impregnation  with  silver  according 
to  Foote,  magnification  10  x  10). 


lung,  heart,  liver  and  kidneys  only  in  animals  a  few  days  old. 

Our  investigations  would  not  have  been  complete  if  we  had  limited 
ourselves  to  respiratory  pathology,  in  which  the  classical  hypoxemia 
and  hypercapnia  associated  with  disturbances  to  external  respiration 
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Fig.  3.  Lung  of  25- day-old  rat  after  28  days  of  oxygen  starvation. 
Sclerosis  of  interalveolar  partitions  (Van  Gleson  staining,  magnifica¬ 
tion  10  X  10). 


Pig.  4.  L\mg  of  3-day-old  rat.  a)  Control  (normal  animal);  b)  after 
acute  oxygen  starvation;  c)  after  acute  oxygen  starvation  against  a 
background  of  vitamin  B,  injection  (reactlcn  with  nltrotetrazcl  to  Dpf 
dlaphorase ) . 

come  more  actively  into  evidence,  l.e.,  shortness  of  breath,  coughing, 
lowered  respiratory  volume  indicators,  and  the  like.  For  comparison, 
therefore,  we  made  an  Investigation  of  the  state  of  the  blood  gases  and 
external  respiration  in  a  group  of  children  with  cardiovascular  pathol¬ 
ogy  by  taking  under  observation  children  who  were  suffering  from  rheu- 
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laatlfB  and  at  various  stages  in  Its  course.  In  the  acute  phase  of  rheu«> 
natisB,  we  estahliahed  an  Infectious  allergy  without  distinct  injury  to 
the  cardiovascular  systeii,  together  with  hypercapnia  and  a  low  oxygen 
content  in  the  venous  blood.  At  the  saae  time,  the  content  of  gases  in 
the  arterial  blood  reaained  almost  within  normal  limits.  The  hypercap¬ 
nia  was  particularly  clearly  manifest  during  the  first  phase  of  the 
illness,  which  to  soto  extent  accounts  for  the  typical  cyanotic- to-pinlf- 
ish  coloration  of  the  face  and  mucous  membranes.  When  the  process 
abates,  hypoxia,  which  is  characterized  by  pallor  of  the  integument,  is 
aggravated.  At  the  same  time,  the  external  respiration  indices  show 
virtually  no  change,  so  that  we  may  assume  that  the  dlsturbcince  to  the 
gas  composition  of  the  blood  In  rheumatism  without  manifest  cardiac  in¬ 
sufficiency  la  due  to  significant  shifts  of  the  metabolic  processes 
during  precisely  the  acute  phase  of  the  rheismatism  and  to  disturbed 
vascular  penseibllity. 

mth  rheumatic  injuries  to  the  heart  accompanied  by  clinical  symp- 
tcmis  of  varying  degrees  of  insufficiency,  there  is  a  manifest  hypercap¬ 
nia,  which  becomes  more  severe  as  the  circulatory  insufficiency  dev(3l- 
ops.  ^8  ix^cates  a  circulatory  nature  for  the  hypoxemia  associated 
with  distuztHsd  l^ttodynamics. 

In  o\ir  (pinion,  t^^e  disturbances  to  gas  metabolism  observed  In  the 
extraparoxysmic  phase  of  rheumatism,  particularly  In  children  suffering 
from  chronic  tonsillitis.  In  such  children,  dynamic  investigation  re¬ 
vealed  a  ratb«r  stable,  if  moderate,  hypercapnia  ^n  the  venous  blood 
ind,  in  cases  of  catarrhal  disorders  of  the  respire  ^ry  passages  and 
pneumonia  in  particular,  these  disturbances  of  the  blood  gas  composi¬ 
tion  wex«  aggravated. 

Also  worthy  of  attention  is  the  fact  that  in  children  going  to  ru¬ 
ral  schools,  our  data  indicates  that  the  disturbances  to  external  rts- 
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plratlon  and  the  gas  conposltlon  of  the  blood  were  considerably  less 
severe  not  only  In  the  extraparoxysmlc  phase^  but  also  in  cases  of 
rheumatic  cardiac  failure  —  an  observation  to  be  accounted  for  by  the 
long  time  that  they  have  spent  in  the  fresh  air. 

We  conclude  that  our  observations  justify  giving  particular  at¬ 
tention  in  cases  of  pathogenetic  treatment  to  manifest  or  latent  hyper¬ 
capnia  and  hypoxia  occurring  in  various  childhood  illnesses. 

The  serotherapy  widely  eir¥>loyed  in  children's  clinics,  convales¬ 
cence  in  sanatoria  of  patients  suffering  from  recldlve  and  chronic 
pneumonias  and  progressive  healing  of  rheumatism  sufferers  in  rheuma¬ 
tism  sanatoria  all  bear  witness  to  the  e;q)edlency  and  effectiveness  of 
these  measures. 
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ON  CERTAIN  PECULIARmES  OF  THE  REACTION  OF  THE  A(^  ORC2ANISM  TO 

ACUTE  HYPOXIA 
N.  M.  Seredenko 
(Kiev) 

Literature  data  on  the  features  of  the  reaction  produced  by  an 
organism  to  oxygen  insufficiency  at  advanced  ages  are  not  extensive.  At 
the  smie  timej  this  problem  has  recently  been  attracting  attention  on 
the  part  of  momrous  investigators.  Ihere  are  references  to  the  effect 
that  pl^iological  age  is  in  Itself  characterized  by  the  presence  of  a 
hypoxic  state  in  the  organism  (Mll'man,  Lervlz,  Slrotlnln).  Oxygen 
starvation  of  the  organism  is  particularly  aggravated  in  various  ill¬ 
nesses  frequently  observed  in  old  age  (arteriosclerosis »  pulmonary  em¬ 
physema^  and  the  like).  In  surgical  episodes  (thoracic  surgery),  in 
cases  in  which  the  individual  is  placed  In  a  medium  with  inadequate 
oxygen  in  the  air  (travel  by  air,  ascent  into  the  mountains,  employment 
in  mountainous  regions). 

Investigations  conducted  previously  by  MacFarland,  Kenter  et  al. , 
Veman  and  Sebaun,  Kolchlnskaya,  and  Sisionson  have  shown  that  the  reac¬ 
tion  of  the  aged  organism  to  hypoxia  does  not  take  the  same  course  as 
the  reaction  of  a  middle-aged  organism,  and  that  compensation  is  poorer 
in  old  age.  However,  these  studies  concern  themselves  only  with  speci¬ 
fic  functions  of  the  organism,  and,  moreover,  only  small  numbers  of 
test  subjects  were  examined. 

The  present  paper  represents  part  of  an  Investigation  devoted  to 
ascertaining  the  age-connected  features  of  the  aged  organism's  reac- 


tlons  to  oxygen  Insufficiency. 

Ihe  objects  of  the  investigation  were  aged  white  rats  25-30  months 
old  and  old  dogs,  aged  12-17  years.  Experiments  were  run  simultaneously 
(for  conparison)  on  corresponding  animals  in  the  prime  of  their  lives, 
ii^oxia  was  induced  either  by  rarefaction  of  the  air  in  a  low-pressure 
chamber  or  by  administration  of  gas  mixtures  with  progressively  lower 
oxygen  contents.  The  experiments  were  conducted  on  unanesthetized  arJ.- 
mals  used  to  the  experimental  situation,  in  a  state  of  relative  rest. 

The  studies  conducted  showed  that  as  the  orgamism  ages,  its  resis¬ 
tance  to  oxygen  deficiency  diminishes  appreciably.  Our  experiments  con- 
fimed  the  data  obtained  earlier  by  A.  Z.  Kolchlnskaya  and  then  by  N.  V- 
Lauer  and  A. Z.  Kolchlnskaya  on  a  loweidng  of  the  "altitude  ceiling"  in 
old  rats.  In  experiments  run  in  the  low-pressure  chamber  (rate  of  "as¬ 
cent"  10  m/sec,  "plateaus"  lasting  5  min),  mature  rats  tied  down  on 
their  backs  died  at  a  "height"  of  10,000-11,000  m,  while  aged  individu¬ 
als  died  at  altitudes  of  about  9,000  m.  Similar  results  were  also  ob¬ 
tained  on  dogs  in  the  unrestrained  state.  While  middle-aged  dogs  sur¬ 
vived  "ascents"  to  "altitudes"  of  11,000-12,000  m,  old  dogs  began  to 
perish  at  an  "altitude"  as  low  as  10,000  m,  and  less  often  at  11,000  m. 

Also  characteristic  for  the  old  animals  was  the  appearance  of 
ataxia,  involuntary  micturition  and  defecation.  Thus,  wtiile  middle-aged 
showed  ataxia  at  an  "altltude"of  7000-8000  m  and  Involuntary  micturi¬ 
tion  and  defecation  at  9000-10,000  m,  the  aged  dogs  manifested  ataxia 
at  an  "altitude"  of  6000  m  in  the  overwhelming  majority  of  cases  and 
Involuntary  micturition  and  defecation  at  "altitudes"  of  7000-9000  m. 

We  also  studied  changed  in  external  respiration  (frequency  and 
depth  of  respiratory  movements,  type  of  respiration,  per-mlnute  respir¬ 
atory  volume)  and  the  cardiac  activity  (from  electrocardiographic  data) 

We  made  the  following  observations  (Fig.  l)  in  our  study  of  the 


ohanees  In  rcsplmtorj  frtqutooy  in  iiaturt  and  aftd  rats  unler  the  con¬ 
ditions  of  advancing  oaygsn  inanffieianoy  in  thi  Xow-prttsurt  changer. 
As  the  air  vaa  rarafiad,  raapiration  spaadad  up  in  the  niddle-aged  rats 
at  an  "altitude"  of  1000-2000  m  and  raachad  its  naalwinn  at  an  "alti¬ 
tude"  of  5000-7000  m  (on  the  avaraga^  30)1  as  eonparad  with  the  initial 
value).  As  hypoxia  advancad«  the  raapiration  of  thasa  aniaals  was  ob¬ 
served  to  slow  down  and  than«  when  the  "altitude  ceiling"  was  reached 
it  stopped  co^^letely.  With  increasing  age,  the  nature  of  the  reaction 
to  hypoxia  on  the  part  of  external  raapiration  changed.  As  in  the  mid¬ 
dle-aged  anisHLla,  the  raapiration  of  the  elderly  rats  quickened  and  did 
so  at  the  same  "altitudes,"  although  the  quickening  was  less  distinct 
(on  the  average,  12)1);  they  showed  the  maxjimjm  quickening  earlier,  at 
the  "altitude"  of  4000-5000  m,  at  which  point  respiration  became  less 
and  less  frequent  until  it  stopped  completely  and  the  rats  died. 

When  the  rats  "descended"  from  the  "altitude"  of  7000  m  (second 
series  of  experiments),  the  respiratory  fraqvitncy  gradually  returned  to 
its  initial  values,  reaching  the  norm  within  10-20  min  after  the  "des¬ 
cent"  for  the  middle-aged  animals  and  after  20-30  min  for  the  old  ani¬ 
mals.  This  suggests  retarded  normalization  of  respiration  during  the 
post-hypoxic  period  in  the  case  of  the  old  rats. 

Tht  changes  in  external  respiration  in  oxygen  insufficiency  have 
been  studied  in  greater  detail  in  dogs  placed  in  an  altitude  chamber 
("ascent"  to  5000  m,  rate  of  "ascent"  and  "descent"  10  m/sec,  "plateaus 
of  3  min).  It  was  not  possible  to  identify  any  particular  differences 
as  a  function  of  agi  in  the  variation  of  rsspiratox^  frequency.  In  most 
of  the  mat'tre  Md  aged  dogs,  an  increase  in  the  depth  of  respiration 
was  noted  first  of  all,  and  only  in  acute  hypoxia  did  the  frequency  of 
the  respiratory  motions  inortase.  Ostpeniag  of  respiration  resulted  in 
Increased  pulmonary  ventilation  (Table  1). 
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As  will  be  seen  from  Table  1,  pulmon¬ 
ary  ventilation  be^m  to  increase  from 
1000-2000  m  in  the  middle-aged  dogs  and 
rose  progressively  as  the  "ascent®'  contin¬ 
ued.  Ihe  Increased  pulmonary  ventilation 
fell  off  again  in  the  mature  dogs  during 
the  "descent,"  reaching  the  initial  values 
quickly.  In  the  aged  dogs,  although  the 
pulmonary  ventilation  began  to  increase  at 
approximately  the  same  "altitudes, "  the  ex¬ 
tent  of  its  increase  over  the  first  thou¬ 
sands  of  meters  of  the  "ascent"  was  larger 
than  in  the  middle-aged  Jogs  In  the  "descent"  from  5000  m,  the  pulmon¬ 
ary  ventilation  reached  its  initial  value  at  the  end  of  the  "descent" 
or  immediately  afterward  in  the  middle-aged  dogs,  while  in  the  old  ani¬ 
mals  it  remained  at  the  elevated  level  for  a  long  time. 

Studies  in  which  the  animals  breathed  mixtures  increasingly  defi¬ 
cient  in  oxygen  showed  that  old  age  is  characterized  by  a  type  of  nor¬ 
malization  of  the  Increased  pulmonary  ventilation  that  differs  from 
that  ob'ierved  in  mature  animals.  For  exan?)le,  more  time  was  required 
for  Che  Irdtlal  values  to  be  restored.  Together  with  the  Increase  In 
pulmonary  ventilation  with  advancing  hypoxia,  an  Increase  in  oxygen 
consumption  was  also  noted  (Table  2) 

As  will  be  seen  from  Table  2,  the  middle-aged  dogs  showed  approxi¬ 
mately  the  same  changes  in  oxygen  consunptlon  and  pulmonary  ventila¬ 
tion  during  both  the  Increase  and  normalization  of  these  indicators.  In 
the  old  dogs,  however,  a  direct  relationship  between  the  change  in  pul¬ 
monary  ventilation  and  the  oxygen  requirement  was  observed  only  during 
the  "ascent,"  while  during  the  "descent"  the  picture  was  different. 


Fig.  1.  Change  in  res¬ 
piratory  f'-oquency  in 
rats  on  "ascent"  in  al¬ 
titude  chamber  (in  %  of 
initial  value;  average 
figures),  l)  Old  rats; 
2)  middle-aged  rats.  A) 
Norm;  B)  km. 
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TABI£  1 


Change  In  Puisionary  Ventilation  In 
Dogs  In  Altl':ude  Chamber  (in  ml) 


1 

2  cetera 

Cra^M  niMni 

w 

Km4w 

OliM- 

R*ak> 

Hcfu 

Mjm 

mJ.1 

w->i 

jU 

7 

rs 

? 

10 

pmtm 

0 

2S00 

2400 

1800 

2600 

3000 

3100 

2800 

1000 

2400 

2400 

2400 

3600 

3600 

3800 

4^ 

2800 

9000 

3900 

3000 

3700 

3000 

4900 

4800 

4200 

3400 

3000 

3800 

3800 

3800 

3600 

4000 

4800 

5100 

4600 

4000 

4300 

4000 

4600 

4000 

4400 

7600 

5400 

5630 

1000 

5900 

4700 

5800 

5400 

5200 

7600 

iM 

6400 

12000 

4400 

3600 

4600 

4100 

4600 

i4M 

6000 

9200 

3000 

3100 

3300 

4400 

4000 

380C 

6400 

6000 

8000 

9000 

3000 

2400 

4200 

3300 

5400 

5200 

57t)0 

1000 

3400 

2100 

3400 

27r0 

3600 

5600 

4700 

5100 

0 

3400 

. 

12200 

2800 

2400 

3000 

6ooq 

4400 

3800 

1)  "Altitude, "  meters:  2)  control  dogs;  3;  old  dogs;  4)  Kazbek;  5)  Don- 
guz;  6)  Shkhel'da;  7)  Saturn;  8)  Bel'chlk;  9)  Nerka;  10)  Zhuk;  11) 
Cl-iemysh;  12)  "descent.  " 

TABLE  2 

Change  in  Oxygen  Consumption  In  Dogs 
in  Altitude  Chamber  (in  ml  per  1  kg 
of  Weight ) 


1 - 

2  KnrpMMMc  c«4ani 

3 

CtaftM 

ca4«ni 

Km4w 

1 

UiM*- 

6« 

c^iro 

•NHcg 

Iris®- 

H«»l] 

umm 

0 

5.3 

64 

5.7 

54 

54 

4.1 

3,7 

5.1 

1000 

4^ 

54 

64 

54 

5.9 

4.4 

4.6 

l4.7 

2000 

ao 

6.9 

6.1 

54 

64 

44 

5.1 

3000 

i6S 

64 

74 

44 

6.1 

44 

4,3 

6.2 

4000 

74 

64 

84 

6.6 

6.1 

74 

*4 

6.7 

srso 

8.3 

7.1 

94 

64 

7.6 

74 

54 

114 

oCsyob 

4000 

7.7 

5.8 

8.4 

64 

74 

74 

5.7 

124 

3000 

74 

64 

84 

6.7' 

7.5 

64 

5,4 

11.0 

2000 

64 

54 

84 

5.9 

— 

64 

6.4 

84 

1000 

6.1 

4.9 

74 

5.4 

7,7 

6,7 

64 

84 

0 

4.7 

5.4 

6.7 

54 

64 

64 

64 

64 

1)  "Altitude,"  meters;  2)  control  dogs;  3)  old  dogs;  4)  Kazbek;  5)  Don 
guz;  6)  Shkhel'da;  7)  Saturn;  8)  Bel'chlk;  9)  Nerka;  10)  Zhuk;  11 ) 
Chemysh;  12)  "descent.  " 

Firstly,  In  the  "descent"  from  5000  to  4000  m,  the  oxygen  requirement 
of  th  aged  dogs  not  only  did  not  decrease  with  the  decrease  In  pulmon 
ary  ventilation,  but  even  Increased  slightly.  As  the  hypoxic  effect  dl 
mlnlshed  and  then  ceased  altogether,  the  pulmonary  ventilation  of  the 
old  dogs  did  not  nozmallze  as  well  as  in  the  middle-aged  dogs;  the  oxy 
gen  requirement  returned  to  the  Initial  values  even  more  slowly  than 
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the  ventilation.  Despite  the  si gnli leant  Increase  In  pulmonary  ventila¬ 


tion  and  oxygen  requirement,  the  oxygen  saturation  of  the  arterial 
blood  fell  more  sharply  In  the  older  dogs  {Pig.  2).  In  the  Initial 
stage  of  hypoxia  (experiments  on  the  spirograph),  no  particular  differ¬ 
ences  In  the  oxygen  saturation  of  the  arterial  blood  were  observed  In 
dogs  of  different  ages,  but  e  '«;,n  at  an  oxygen  intent  of  about  13-1^^ 
In  the  Inspired  air  (corresponds  approximately  to  an  altitude  of  3000- 
4000  m),  the  arterial  blood  in  these  animals  began  to  show  oxygen  con¬ 
tents  lower  than  those  of  the  middle-aged  dogs,  and  as  the  oxygen  con¬ 


tent  In  the  inspired  mixture  fell  further.  It  was  found  to  have  lower 
and  lower  saturations. 


It  is  interesting  to  compare  the  elim¬ 
ination  of  oxygen  shortage  In  old  and  young 
animals  during  the  post  hypoxic  period. 

It  wa;  found  that  In  che  middle-aged 
animals,  the  pulmonary  ventilation,  oxygen 
requirement  and  oxygen  saturation  of  the 
arterial  blood  returned  to  their  Initial 
values  within  the  first  few  minutes  of 
bree thing  ordinary  air.  In  the  old  dogs, 


Pig.  2.  Change  In  ./.ygen 
saturation  of  arterial 
blood  as  hypoxia  aevelops 
In  dogs.  The  tri singles 
denote  the  percentage 
oxygen  saturation  of  the 
arterial  blood  In  the  ma¬ 
ture  dogs  and  the  circles 
the  same  quantity  In  old 
dogs,  l)  ^  of  ©2  In  arter¬ 
ial  blood;  2)  ^  of  Op  In 
gas  mixture. 


hov/ever,  despite  the  Increased  pulmonary 
ventilation  and  the  elevated  oxygen  require¬ 
ment,  the  phenomenon  of  hypoxemia  does  not 
disappear  until  air  containing  a  normal 
amount  of  oxygen  has  been  breathed  for  a 
considerable  time  (Fig.  3)- 

As  compared  with  the  higher  mammals, 


for  which  quickening  of  the  cardiac  activity  by  way  of  adaptation  Is 
characteristic  In  hypoxia,  a  progressive  reduction  In  the  pulse  rate 
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Is  typical  for  rats.  Ilie  Investigations  that  we  carried  out  indicated 
that  under  the  conditions  of  the  altitude  chamber >  mature  rats  maintain 
their  pulse  rates  at  the  initial  level  up  to  an  "altitude’'  of  4000- 
5000  m,  and  then  we  observe  a  gradual  slowdown  of  the  cardiac  activity; 
at  "altitudes"  of  8000-9000  m,  a  sharp  drop  in  the  pulse  rate  begin?. 

In  old  rats,  the  gradual  decrease  in  the  number  of  heartbeats  begins  at 
"altitudes"  of  1000-2000  m,  and  the  precipitous  drop  is  noted  at  "alti¬ 
tudes"  from  5OOO-7OOO  m.  In  a  "descent"  from  an  "altitude"  of  7OOO  m, 
the  cardiac  activity  of  the  rats  nonnallzes  in  approximately  20-40  min 
after  "descent,"  irrespective  of  the  age  of  the  animals. 


Fig.  3.  Variation  of  pulmonary  ventilation,  oxygen  consumption  and  ar¬ 
terial-blood  oxygen  saturation  in  dogs  after  hypoxia.  Open  bars:  pul¬ 
monary  ventilation  (in  liters);  cross  hatched  bars:  oxygen  requirement 
(in  ml  per  1  kg  of  weight);  shaded  bars:  percentage  oxygen  saturation 


of  arterial  blood;  A)  T-Iature  dog;  B)  aged  dog.  a)  Liters;  b)  millilj- 
ters;  c)  normal;  d)  i  min;  e)  after  hypoxia. 

The  changes  in  the  electrocardiogram  indicate  higher  sensitivity 
to  hypoxia  in  the  heart  of  the  old  organism  as  compared  with  middle  age 
In  middle-aged  rats  at  "altitudes"  of  400C-6000  n,  we  observe  an  in¬ 
crease  in  the  R  and  T-waves,  and,  beginning  at  an  "altitude"  of  7000- 
8000  m,  a  sharp  change  in  the  S-T  line.  It  took  the  form  of  a  convex 
arc  situated  above  the  isoelectric  line  and  frequently  rose  highe^^  than 
the  R-wave.  The  same  type  of  change  was  also  observed  in  the  eld  ruts, 
but  the  "altitude"  at  which  these  changes  were  observed  was  "lower,"  at 
1000-2000  m. 

When  experiments  were  conducted  in  the  altitude  chamber,  an  in¬ 
crease  in  pulse  rate  was  observed  in  the  mature  dogs  beginning  at  "al¬ 
titudes"  of  1000-3000  m  and  continuing  as  hypoxia  developed.  During  the 
"descent,"  the  pulse  rate  returned  rather  rapidly  to  the  initial  values 
often  reaching  the  norm  at  an  "altitude"  of  3000-2000  m.  The  cardiac 
activity  quickened  in  the  old  dogs  at  approximately  the  same  "altitudes, 
but  its  return  to  the  initial  value  took  longer  and  an  Increased  pulse 
rate  was  observed  in  a  number  of  cases  even  after  the  barometric  pres¬ 
sure  had  been  normalized. 

The  electrocardiogram  changes  in  dogs  reduce  basically  to  a  slight 
decrease  in  the  R  and  T-waves  or  to  deepening  of  a  ncrmally  negative  T, 
and  do  not  reflect  any  particular  dependence  on  age  in  the  "ascent"  to 
5000  m.  This  attests  to  a  drop  in  the  stability  of  the  elderly  organism 
against  acutely  developing  hypoxia.  This  is  supported  by  the  drop  in 
the  "altitude  celling"  in  aged  rats  and  dogs,  the  earlier  appearance  of 
ataxia,  the  involuntary  micturition  and  defecation  observed  in  the  aged 
dogs,  and  the  earlier  slowdown  of  respiration  in  aged  rats  during  "as¬ 
cent"  in  the  altitude  chamber.  The  decrease  in  the  pulse  rate,  which 
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sets  In  at  low  ?r  "altitudes/'  aril  the  changes  in  the  electrocardiograms 
of  the  aged  rats,  also  appearing  at  lower  "altitudes,"  and  the  greater 
Increase  in  pulmonary  ventilation  in  the  aged  dogs  indicate  Increased 
sensitivity  of  the  elderly  animals  to  deficiency  of  oxygen  In  the  In¬ 
spired  air.  Despite  the  Increased  pulmonary  '/entlli.tion  and  oxygen  re¬ 
quirement  that  are  noted  with  advanclni-  hypoxia  In  both  mature  and  aged 
dogs,  the  phenomena  of  hypoxemia  are  more  distinctly  expressed  In  the 
aged  animals,  and  this  suggests  that  the  amplification  of  the  external 
respiratory  function  Is  not  sufficiently  effective.  This  last  would  ap¬ 
pear  to  be  associated  with  Inadequate  alveolar  ventilation  due  to  the 
Increasca  physiological  lead  space  In  old  age.  In  the  normalization  of 
the  physiological  functions  as  the  hypoxia  diminishes  and  disappears, 
our  attention  Is  drawn  to  the  more  drawn-out  return  to  the  Initial  val¬ 
ues  of  pulmonary  ventilation,  oxygen  requirement  and  pulse  rate  In  the 
aged  dogs,  a  partial  explanation  for  which  may  be  found  by  the  more 
protracted  hypoxemia  and  the  Intensified  activity  of  the  respiratory 
and  cardiac  muscles  In  the  aged  animals  during  the  post  hypoxic  period. 
There  Is  a  possibility  that  the  Increased  oxygen  requirement,  of  longer 
persistence  after  survival  of  oxygen  Insufficiency  In  the  old  dogs,  is 
also  partly  the  result  of  accumulation  of  larger  amounts  of  Incomplete¬ 
ly  oxidized  metabolism  products  In  the  blood  and  changes,  as  yet  un¬ 
clear  to  us,  taking  place  at  the  level  of  the  tissue  processes. 


ON  THE  AGE- CONNECTED  PECULIARITIES  OF  THE  REACTION  OF  THE  HEART  TO 


HYPOXIA 

L. N.  Bogatskaya,  N. S.  Verkhratskly,  L.  V.  Kostyuk, 

and  y.  V.  Frol'kls 
(Kiev) 

Myocardial  hypoxia  Is  one  of  the  most  commonly  encountered  patho¬ 
genic  mechanisms  tna..  disturb  the  function  of  the  heart  during  opera¬ 
tion  of  various  etiological  factors.  Indeed,  cardiac  hypoxia  may  be 
caused  by  Insufficiency  of  the  coronary  blood  supply,  noncorrespondence 
between  the  oxygen  requirement  of  the  myoccrdlum  and  the  amount  sup¬ 
plied  to  It,  primary  disturbances  to  tie  various  enzyre  systems  of  the 
heart,  and  the  various  forms  of  hypoxemia.  All  this  makes  It  understand 
able  why  clinical  medicine  specialists  and  experimenters  show  unflag¬ 
ging  Interest  In  study  of  the  changes  that  take  place  In  cardiac  activ¬ 
ity  dux’lng  hypoxia. 

At  the  present  time,  there  Is  a  distinct  Inconsistency  between  the 
clinical  and  experimental  approaches  to  study  of  the  effect  of  hypoxia 
on  cardiac  activity.  Under  the  natural  conditions  of  human  life,  those 
with  which  the  clinical  medicine  specialists  are  constantly  coming  Into 
contact,  the  phenomena  of  manifest  hypoxia  of  the  myocardium  most  fre¬ 
quently  arise  during  definite  age  periods  -  those  of  "ripe"  and  senile 
old  age.  To  support  this.  It  Is  sufficient  to  recall  such  hypoxic  syn¬ 
dromes  as  coronary  Insufficiency  and  myocardial  Infarct,  which  occur 
most  frequently  In  persons  of  the  oldest  age  groups.  The  very  fact  that 
these  disorders  arise  In  elderly  persons  Indicates  the  existence  of  met 
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abollo  peculiarities  and  reactivities  of  the  organism  in  this  age  per¬ 
iod,  factors  that  determine  the  development  of  these  pathological  pro¬ 
cesses.  At  the  same  time,  experimental  study  of  cardiac  hypoxia  on  ex¬ 
amples  furnished  by  specific  disorders  is  undertaken  without  considera¬ 
tion  of  the  most  iiqportant  age-connected  peculiarities  of  animals  and 
in  the  overwhelming  majority  of  cases,  on  younger  animals. 

Like  any  tissue  reaction,  the  changes  that  take  place  in  the  heart 
during  hypoxia  must  necessarily  and  naturally  depend  on  the  strength  of 
the  stimulus  in  operation  (the  degree  of  oxygen  starvation)  and  on  the 
initial  functional  state  of  the  reacting  system.  Prom  this  standpoint, 
the  nature  of  t  i<i  nwtabollc  processes  taking  place  in  the  myocardium 
acquires  great  Interest  for  determination  of  the  age-connected  peculi¬ 
arities  of  the  myocardial  changes  in  hypoxia.  At  the  present  time,  a 
certain  amount  of  factual  material  has  been  accumulated  (N.N.  Slrotln- 
In  et  al. ,  196O;  P.  Ya.  Prlmak,  1961 ),  material  that  testifies  to  the 
occurrence  of  hypoxic  shifts  in  the  organism  in  aging. 

It  was  In^ortant  to  ascertain  the  degree  to  which  these  hypoxic 
shifts  affect  the  metabolism  of  the  heart  In  the  healthy  older  animal. 
It  Is  perfectly  obvious  that  this  initial  metabolic  level  will  In  many 
respects  determine  the  peculiarities  of  the  heart's  reactions  to  other 
conditions  that  result  In  myocardial  hypoxia. 

The  oxygen  requirement  of  the  myocardium,  the  rate  of  the  glycoly¬ 
sis  processes,  and  the  lactic  acid  content  and  glycogen  content  in  the 
cardiac  muscle  were  determined  in  animals  of  various  age  groups  -  rab¬ 
bits  aged  1-2  days  to  3-3*5  years  and  rats  aged  from  3-^  weeks  to  2-2.5 
years.  Ihis  manner  of  analyzing  the  metabolic  processes  enables  us  to 
give  a  general  characterization  of  the  relatlonhip  between  the  aerobic 
and  anaerobic  phases  of  respiration,  which  depe  ds  in  many  respects  on 
the  oxygen  supplied  to  the  functioning  heart.  All  calculations  were 
made  for  both  the  raw  and  dry  weight  of  the  tissue,  since  the  water 
content  in  the  cardiac  muscle  changes  with  age.  The  results  of  all  the 


Investigations  were  processed  by  the  variational-statistical  method, 
with  calculation  of  the  mean  probable  error  (+m)  and  the  series  confi¬ 
dence  (t  >  3)* 

The  maximum  oxygen  consuii?)tlon  rate  is  observed  in  the  myocardium 
of  the  rabbit  at  an  age  of  4-5  weekf;;  immediately  after  this,  the  in¬ 
tensity  of  tissue  respiration  begins  to  decrease,  reaching  its  lowest 
values  in  aged  animals.  The  rate  of  oxygen  consun^ntion  in  rabbits  (QOg) 
at  an  age  of  4-5  weeks  is  6.95  +  1*3>  while  at  ages  from  3  to  3*5  years 
it  is  2.61  +  0.96.  Approximately  the  same  type  of  variation  is  observed 
in  rats.  Together  with  the  decline  in  tissue  respiration  during  aging, 
the  organism  exhibits  amplification  of  glycolysis.  This  is  Indicated  by 
the  increased  quantity  of  lactic  acid  in  the  myocardium  in  aged  rabbits, 
a  decrease  in  the  amount  of  inorganic  phosphorus  and  a  decrease  in  the 
glycogen  content.  Thus,  in  rabbits  4-5  weeks  old,  the  content  of  lactic 
acid  li.  the  heart  (in  mg  %)  is  99  z  32,  at  1.5-2  years  it  has  risen  to 
123  +  7.9,  and  at  3-3-5  years  to  162.1  +  13-2.  Converted  to  dry  weight, 
the  quantity  of  lactic  acid  was  found  to  be  480,542  and  711  mg  %  in 
the  respective  age  groups.  The  content  of  glycogen  in  rabbits  aged  1.5- 
2  years  was  equal  to  2607-6  ng  while  in  animals  that  had  lived  to  3- 

3-5  years  it  was  1352  mg  These  relationships  between  the  heart’s 
oxygen  consumv’ion  and  the  amounts  of  lactic  acid  in  it  are  reflected 
in  Pig.  1. 

Thus,  as  th 2  organism  aged,  we  noted  a  change  in  the  proportions 
between  the  anaerobic  and  aerobic  phases  of  respiration.  In  old  animals, 
the  specific  weight  of  the  oxidative  processes  diminishes  and  the  rate 
of  the  anaerobic  reactions  rises.  As  we  know.  Intensification  of  anaer¬ 
obic  reactions  In  the  tissue  is  frequently  a  kind  of  compensatory  rea  - 
tlon  directed  toward  maintaining  a  certain  level  of  metabolism  under 
the  conditions  of  developing  hypoxia. 
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Fig.  1.  Variation  In  rate  of  tissue  respiration  and  content  of  lacvj  c 
acid  In  hearts  of  rabbits  at  various  ages:  l)  QOg;  2)  lactic  acid  In 

mg  a)  Newborn  animals:  b)  2-week-old  animals;  c)  4-3  weeks;  d)  1.3- 
2  years;  e)  3*5  years,  a)  mg 

The  types  of  metabolic  change  that  we  have  described  as  taking 
place  In  the  heart  of  the  aged  £Lnlmal  can  be  used  as  part  of  the  evi¬ 
dence  for  hypoxic  shifts  during  aging  of  the  organism.  This  Is  why  the 
heart  of  the  aged  animal  must  be  particularly  sensitive  to  pathological 
processes  that  result  In  hypoxia  of  the  myocardium.  Thus,  even  under 
normal  conditions,  we  note  In  aged  animals  a  certain  strain  on  the 
adaptive  mechanisms,  manifested  In  a  change  In  the  relationship  between 
anaerobic  and  aerobic  metabolic  paths  In  the  cardiac  muscle. 

It  would  be  of  partlculai*  Interest  to  study  the  changes  In  cardiac 
activity  during  hypoxia  developed  In  coronary  Insufficiency  and  myocar¬ 
dial  Infarct.  Both  of  these  syndromes  are  results  of  varying  degrees  of 
mismatch  between  the  oxygen  requirement  of  the  heart  and  the  amount 
supplied  to  It. 

Thus,  both  the  vascular  and  the  cardiac  factors  are  of  definite 
Importance  In  the  mechanism  by  which  coronary  Insufficiency  arises.  The 
data  given  above  concerning  the  reduced  rate  of  tissue  respiration  In 
aged  animals  makes  understandable  the  essential  role  taken  by  the  car¬ 
diac  factor  In  the  mechanism  of  coronary  Insufficiency  during  this  age 
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period.  However,  this  Is  not  the  only  thing  bearing  on  the  specifics  of 
coronary- Insufficiency  development  In  aged  animals.  It  has  been  shov.n 
by  the  studies  of  V. V.  Frol'kls  and  his  colleagues  that  during  aging  of 
the  organism,  the  sensitivity  of  the  heart  and  vessels  diminishes  with 
respect  to  nervous  factors  and  Is  enhanced  with  respect  to  humoral  fac¬ 
tors.  The  change  In  the  reactivity  of  the  heart  and  vessels  In  old  age 
casts  light  on  certain  peculiarities  in  the  development  of  coronary  In¬ 
sufficiency,  in  the  mechanism  of  which  neurohumoral  factors  are  of  no 
small  Importance- 
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Pig.  2.  Electrocardiographic  changes  after  Injection  of  0.6  unlts/kg  of 
pi tul trine  Inco  young  (a;  and  aged  (b)  rabbits;  I,  II,  and  III  Indicate 
leads. 


Experimental  coronary  Insufficiency  Is  easily  reproduced  by  Intra¬ 
venous  administration  of  pltuitrlne  to  the  animals.  This  model  Is  In¬ 
teresting  In  view  of  the  fact  that,  as  we  know,  vasopressin  may  play  a 
certain  role  in  the  developmert  of  coronary  Insufficiency  In  man.  The 
administration  of  pltuitrlne  causes  manifest  myocardial  hypoxia  that 
registers  on  the  electrocardiogram.  V. V.  Frol’kls  and  D. A.  Kuz'mlnskaya 
established  that  depression  of  tissue  respiration,  r'- suiting  from  limi¬ 
tation  of  the  blood  supply  to  the  myocardium,  is  observed  on  adminis¬ 
tration  of  pltuitrlne. 

Experiments  on  l6  aged  rabbits  and  l4  young  ones  showed  that  In 
the  older  animals,  the  phenomena  of  coronary  Insufficiency  arrives  when 
smaller  quantities  of  pltuitrlne  are  Injected. 

Figure  2  shows  the  essential  changes  that  take  place  In  the  car- 
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dlac  activity  of  the  aged  animal  on  Intravenous  injection  of  0.6  units 
of  pltultrlne  for  each  1  kg  of  weight.  We  note  on  the  electrocardiogram 
numerouB  extrasyatolea,  changes  i  the  position  of  the  S-T  segment  rel¬ 
ative  to  the  isoelectric  llne^  and  a  sharp  rise  in  the  T-wave.  In  the 
young  animals,  this  same  dose  of  pltultrlne  produced  no  substantial 
changes  in  the  electrocardiogram.  In  5  experiments  out  of  15j  adminis¬ 
tration  cf  0. 6  units  of  pltultrlne  per  1  kg  of  weight  to  the  aged  ani¬ 
mals  caused  profound  changes  in  the  activity  of  the  heart,  changes  ter¬ 
minating  in  fibrillation  and  the  death  of  the  animals.  In  young  animals, 
administration  of  pltultrlne  in  twice  the  dose  resulted  only  in  mani¬ 
fest  phenomena  of  coronary  insufficiency,  after  which  the  cardiac  ac¬ 
tivity  consistently  returned  to  normal. 

In  experiments,  the  phenomena  of  coronary  insufficiency  ccin  be  re¬ 
produced  by  use  of  carbocholine,  which,  as  we  know,  causes  a  drop  in 
blood  pressure  and  contraction  of  the  ''oronary  vessels.  On  administra¬ 
tion  of  carbocholine,  coronary  insufficiency  develops  against  a  back¬ 
ground  of  distinct  bradycardia  due  to  its  direct  action  on  the  m-cho- 
llne-reactlve  syu terns  of  the  heart. 

In  experiments  on  20  rabbits  of  different  ages,  we  determined  the 
sensitivity  cf  the  heart  to  carbocholine.  In  aged  animals,  changes  in 
the  heart  rhythm  and  phenomena  of  coronary  insufficiency  arose  at  lower 
carbocholine  concentrations.  Figure  3  shows  the  electrocardiographic 
changes  that  arise  in  an  old  animal  and  a  young  one  on  administration 
of  the  same  dose  of  carbocholine. 

Ihus,  the  administration  of  chemical  agents  (pltultrlne,  carbocho¬ 
line)  causes  changes  in  coronary  blood  circulation  and  hypoxic  pheno¬ 
mena,  and  these  are  more  distinctly  manifest  in  the  old  animals.  These 
peculiarities  of  the  appearance  of  coronary  insufficiency  in  aged  ani¬ 
mals  are  determined  firstly  by  the  elevated  sensitivity  of  the  heart 
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and  vessels  to  humoral  factors,  and,  secondly 
and  obviously,  by  the  described  changes  in 
the  relation  between  the  anaerobic  and  aero¬ 
bic  phases  of  respiration  In  the  hearts  of 
the  old  animals. 

In  accordance  with  the  conception*;  of 
Raab  (1959)  and  Khegglln  (1959)>  a  factor  of 
substantial  ln5)ortance  in  the  mechainlsm  of 
coronary  insufficiency  is  an  Increase  in  the 
content  of  catecholamines  in  the  cardiac  mus¬ 
cle  -  substances  that  accumulate  in  large 
quantities  under  various  types  of  stress, 
such  as  physical  overwork,  emotional  overex¬ 
citement  and  other  states.  Becoming  fixed  in 
the  heart,  the  catecholamines  sharply  in¬ 
crease  the  oxygen  requirement  of  the  myocar¬ 
dium.  Under  these  conditions,  even  normal  coronary  blood  circulation 
may  prove  inadequate  and  myocardial  hypoxia  m.ay  arise. 

It  might  be  assumed  that  for  the  older  animals.  Injection  of 
adrenalin  under  such  conditions  would  result  in  even  further  aggrava¬ 
tion  of  oxygen  starvation.  The  sensitivity  of  the  heart  to  adrenalin 
was  determined  on  50  rabbits  and  cats.  As  we  know,  adrenalin  causes 
substantial  changes  in  the  activity  of  the  heart,  acting  both  dlrectl;^ 
on  the  cardiac  muscle  (sharp  Increase  in  requirement  for  oxygen,  in¬ 
creased  instability  of  the  sinus  ciutomatlsm,  amplification  of  contrac¬ 
tility  of  the  myocardium)  and  Indirectly  by  raising  the  tonic  effect  of 
the  vagus  nerve  on  the  heart  (bradycardia).  We  showed  that  in  the  old 
animals,  the  sensitivity  of  the  heart  to  the  direct  effect  of  adrena¬ 
lin  is  Increased.  However,  the  action  of  adrenalin  through  the  nerve 
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Fig.  3-  Electrocardi¬ 
ographic  changes  af¬ 
ter  administration  of 
5  of  carbocholine 

to  young  (curves  I- IV) 
and  old  (curves  V-VII) 
rabbits.  Bradycardia 
and  acute  myocardial 
hypoxia  develop  in  the 
old  aninial. 


centers  Is  more  distinct  In  young  animals.  Dius,  adrenalin  in  a  dose  of 
6  M>g/kg,  which  does  not  produce  changes  In  the  electrocardiographic  In¬ 
dicators  In  young  animals ,  produces  significant  shifts  In  the  old  ones 
-  a  sharTy  deepening  of  the  Q-wave,  a  rise  In  the  S-T  segment,  and  a 
change  In  the  amplitude  of  the  T-wave.  In  a  dose  of  12  ^.g/lcg,  adrenalin 
very  frequently  produces  numerous  polytoplc  extrasystoles  of  the  parox¬ 
ysmal  tachycardlal  type  In  old  animals.  On  Injection  of  lau^ger  doses  of 
adrenaline,  the  changes  In  rhythym  and  aii3>lltude  of  the  waves  also  ap¬ 
pear  ^  young  animals.  They  show  the  bradycardia  even  more  strongly 
than  the  aged  animals.  Dius,  the  hypoxic  shifts  In  the  old  animals  are 
more  sharply  expressed  than  In  the  young  ones  on  administration  of 
adrenalin. 

In  the  human  orgaMsm,  situations  occur  In  whl.ch  the  phenomena  of 
coronary  Insufficiency  arise  as  a  result  of  simultaneous  action  of 
adrenalin  and  pi tul trine.  It  must  be  remembered  that  the  vasopressin 
secreted  In  various  states  of  stress  (A.  V.  Tonkllch,  S.  I.  Teplov,  A.  I. 
Il'lna)  contributes  to  subsequent  secretion  of  adrenalin.  The  combina¬ 
tion  of  adrenaline  and  pltultrlne  produces  coronary  Insufficiency  by 
virtue  of  simultaneous  action  of  cardiac  and  vascular  factors,  since 
spasm  of  the  coronary  vessels  sets  In  here  together  with  a  sharp  In¬ 
crease  In  the  heart’s  oxygen  requirement. 

In  this  connection.  It  was  found  Interesting  to  estat  xsh  the  re¬ 
actions  of  young  and  aged  animals  to  these  two  substances.  Subliminal 
doses  of  adreneuLln  and  pltultrlne  were  administered  to  aged  and  young 
animals.  Ihls  treatment  resulted  In  the  electrocardiographic  manifesta¬ 
tions  of  hypoxia,  and.  In  the  old  animals,  simultaneous  Introduction 
of  adrenalin  and  pltultrlne  caused  sharper  shifts  In  the  cardiac  activ¬ 
ity,  changes  that  considerably  exceed  the  effect  due  to  either  sub¬ 
stance  administered  alone,  nius,  the  hypoxic  shifts  In  the  myocardium 


of  the  aged  animals  appear  on  application  of  considerably  smaller  quan¬ 
tities  of  the  chemical  substances. 


The  age-connected  peculiarities  of  the  heart’s  reaction  to  hypoxia 
are  clearly  manifested  when  we  study  experimental  myocardial  Infarct. 

In  e^qjerlB^nts  on  30  aged  and  27  young  rabbits,  we  studied  the  develop¬ 
ment  of  experimental  myocardial  Infarct  on  tying  off  the  circumflex 
branch  of  the  left  coronary  artery.  The  hl^er  sensitivity  of  the 
hearts  of  the  aged  animals  to  restriction  of  the  myocardial  blood  sup¬ 
ply  manifested  in  the  fact  that  in  this  age.  A  larger  number  of  cases 
of  fibrillation  of  the  heart  were  noted  than  in  the  young  animals  .  In 
the  old  animals,  development  of  cardiac  fibrillation  was  observed  in 
335^  of  cases,  but  only  in  12^  of  cases  in  the  young  animals.  The  flut¬ 
tering  of  the  heart  in  myocardial  Inl'arct  may  be  regarded  as  a  reaction 


of  the  heart  to  acute  hypoxia. 


I 
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The  second  significant  deviation  of 
the  S-T  Interval  from  the  isoelectric 
line  Just  after  it  has  almost  returned 
to  normal  testifies  to  the  higher  sensi¬ 
tivity  of  aged  raoblts  to  hypoxia  as 
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Pig.  4.  Electrocardiograph¬ 
ic  changes  after  tying  off 
coronary  artery  in  an  old 
rabbit,  a)  On  the  third  day 
after  ligature,  a  QS2 

wave  is  registered  and  the 
S-T  Interval  approaches  the 
isoelectric  line  and  is 
shifted  slightly;  b)  on  the 
fifth  day,  a  second  sharp 
Increase  in  the  S-T  interval 
upward  from  the  isoelectric 
line;  I,  II,  and  III  are 
lead  numbers. 


compared  with  young  ones.  In  an  old  rab¬ 
bit  on  the  third  day  after  ligature  of 
the  coronary  artery,  the  S-T  Interval 
has  risen  only  insignificantly  above  the 
Isoelectric  line,  but  on  the  fifth  day 
we  again  note  a  considerable  rise  on 
tills  interval  (Fig.  4). 

Further  testimony  to  the  greater 
sensitivity  of  aged  animals  to  hypoxic 
shifts  is  borne  by  the  peculiarities  of 


the  animals'  reaction  to  various  stimuli  during  experimental  myocardial 
Infarct.  Aged  and  young  animals  were  subjected  to  hypoxic  ("elevation” 
in  the  altitude  chamber  to  "altitudes"  of  3500  and  7000  m)  and  ortho¬ 
static  tests^  and  adrenalin,  pltultrlne  and  carbocholine  were  adminis¬ 
tered  Intravenously.  All  of  these  disturbances  ultimately  lead  to  myo¬ 
cardial  hypoxia  by  varying  the  oxygen  saturation  of  the  til  ood  and  the 
Influx  of  blood  to  the  heart  In  accordance  with  the  nature  of  the  test, 
and  by  producing  spasm  in  the  coronary  vessels  for  a  sharp  Increase  In 
the  oxygen  requirement  of  the  cardiac  muscle. 

In  all  of  these  tests,  the  aged  animals  with  myocardial  Infarct 
reacted  more  sharply  than  the  younger  control  rabbits.  This  age-connect¬ 
ed  difference  manifested  most  clearly  on  administration  of  pltultrlne 
and  during  the  orthostatic  test.  In  these  two  tests,  the  Inflow  of 
blood  to  the  heart  changes  substantially.  In  one  case  due  tc  coronary 
arterial  spasms  and  In  the  other  as  a  result  of  the  drop  Ir  total  oxy¬ 
gen  pressure. 

Comparison  of  the  changes  In  the  functional  state  of  the  heart 
during  the  various  functional  tests  enables  us  to  conclude  that  the 
aged  animals  with  experimental  myocardial  Infarct  are  extremely  sensi¬ 
tive  to  deterioration  of  the  myocardial  blood  supply.  This  fact  Indi¬ 
cates  that  the  development  of  collateral  blood  circulation  is  of  par¬ 
ticular  importance  for  aged  animals  among  the  compensatory  processes 
that  Intervene  after  the  coronary  artery  has  been  tied  off. 

In  aged  animals,  the  tissue  adaptive  reactions  to  hypoxia  are 
found  to  be  under  strain  even  under  physiological  conditions;  among 
other  things,  anaerobic  respiration  is  Intensified.  This  renders  under¬ 
standable  the  described  elevated  sensitivity  of  the  heart  In  aged  rab¬ 
bits  to  another  In^ortant  adaptive  mechanism  related  to  change  In  the 
level  of  blood  supply  to  the  myocardium. 


Thus,  the  singularities  of  metabolism  in  the  heart  as  the  organism 
ages,  and  changes  in  the  sensitivity  of  the  heart  and  coronary  vessels 
to  the  action  of  nervous  and  humoral  stimuli  determine  the  special  na¬ 
ture  of  the  myocardial  reaction  to  hypoxia  Induced  in  a  wide  variety  of 
ways.  These  facts  must  be  taken  into  account  in  analyzing  specific  fea¬ 
tures  of  the  course  of  a  number  of  pathological  processes  that  lead  to 
the  development  of  hypoxia  as  the  organism  ages. 
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AN  EARLY  INDICATOR  OF  THE  ADAPTIVE  REACTION  OF  MUSCLE  TISSUE 
TO  DEVELOPING  SENESCENT  HYPOXIA 
S. I.  Fudel' -Osipova  and  F. I.  Grlshko 

(Kiev) 

Among  the  con5>lex  problems  that  confront  Investigators  studying 
aging  of  the  organism,  the  lack  of  clarity  as  to  why  the  oxidizing  abll 
Ity  of  the  tissues  diminishes  with  increasing  age  is  one  of  considera¬ 
ble  importance.  This  question  is  illuminated  in  a  number  of  papers 
based  on  both  examination  of  humans  (E.  Baldwin  et  al.,  19^8;  Bine  and 
Burl'yer,  I960;  H.  Wilcox,  1957;  N.  Lassen  et  al. ,  i960)  and  in  exper¬ 
iment  on  animals  (S.  Barrows  et  al. ,  1958;  A. A.  Pashkova,  i960).  En^ha- 
slzing  the  importance  of  studying  the  phenomena  of  hypoxia,  N.N.  Siro- 
tlnln  made  reference  to  its  development  and  manifestation  in  various 
forms  in  the  senescent  organism.  To  this  day,  however,  it  remains  un¬ 
clear  why  the  absorption  of  oxygen  and  its  consumption  by  the  tissues 
should  fall  off  during  aging.  Exactly  where  is  the  first  cause  of  this 
phenomenon  to  be  sought?  It  is  well  known  that  during  aging,  complex 
structural  changes  that  reduce,  in  general  terras,  to  a  decrease  in  the 
amount  of  vital  tissue  and  an  increase  in  the  amount  of  connective  tis¬ 
sue  take  place  in  all  tissues  of  the  organism.  Still,  the  vital  ele¬ 
ments  that  are  preserved  also  lose  the  structure  characteristic  for 
them  as  aging  progresses  and  acquire  new  forms  (V.  Martynov,  1937;  V. 
Osaulenko,  1958;  Berg,  1958,  et  al. ).  The  question  naturally  arises  as 
to  whether  or  not  the  decline  in  tissue  oxidation  processes,  l.e.,  some 
degree  of  hypoxia,  should  be  accounted  for  by  precisely  this  decrease 


of  the  active  elements  In  them. 


Exact  conversion  of  the  tissue  oxygen  consuii?)tlon  to  mass  of  ac¬ 
tive  substrate  would  make  It  possible  to  obtain  a  perfectly  concrete 
conception  of  the  oxidizing  ability  of  the  tissue  as  a  function  of  Its 
retention  of  specific  structural  elements.  Such  an  attempt  was  made  by 
0.  Rozental’,  M.  Bovl  and  G.  Uogoner  In  1941  In  a  determination  of  res¬ 
piratory  capacity,  dehydrase  activity  and  glycolysis  In  ox  cartilage. 
They  found  that  the  decline  In  respiration  takes  place  more  rapidly 
than  the  drop  In  the  number  of  cartilage  cells.  From  this  they  conclude 
that  the  decline  In  respiration  Is  a  function  of  reduced  activity  of 
enzymes.  Thus  It  would  appear  that  the  drop  In  tissue  respiration  can¬ 
not  be  accounted  for  solely  in  terms  cf  a  reduced  content  of  active 
elements,  although  for  a  final  decision  on  this  question  It  would  be 
necessary  to  have  factual  data  obtained  on  different  types  of  tissues. 

The  literature  data  devoted  to  the  problem  of  enzyme  activity  In 
tissues  of  aged  animals  are  highly  contradictory.  Thus,  worklrig  with 
white  rats  with  ages  up  to  two  to  three  years,  G. G.  Ivanov  (1939)  ob¬ 
served  an  Increase  In  the  dehydrase  activity  of  somp  tissues  (brain, 
cardiac  muscle,  skeletal  muscle,  etc.  )  and  a  decline  In  others  (liver, 
kidneys).  Ye.  I.  Sazonova  (i960)  found  that  the  activity  of  liver  suc- 
clnoxldase  Increases,  while  that  of  succlndehydrase  does  not  change,  f. 
Barrows,  M.  Inget,  M.  Shok  (1958)  and  M.  Ross  and  J.  Ely  (1954)  ob¬ 
served  no  changes  In  enzyme  reactions  In  aged  animals.  Consequently,  It 
is  obviously  not  always  possible  to  link  the  decrease  In  the  tissue 
oxygen  cons'. mptlon  of  aged  animals  with  a  drop  In  enzyme  activity. 

Thus,  while  the  presence  of  tissue  hypoxia  In  old  age  has  definite¬ 
ly  been  established,  the  cause  of  this  phenomena  Is  unclear,  and  fur¬ 
ther  research  In  this  direction  will  probably  enable  us  to  form  a  oei*- 
taln  conception  as  to  Its  cause  and,  consequently,  to  map  out  ways  to 
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counter  It. 

The  biological  and  morphological  changes  that  set  In  In  the  mu8> 
cles  of  humans  and  animals  with  Increasing  age  have  been  under  study 
for  a  number  of  years  In  the  biology  laboratory  of  the  Gerontology  In¬ 
stitute  (Kiev).  Since  experimental  studies  permit  more  detailed  and  ex¬ 
act  establishment  of  age- connected  changes  In  the  tissues  of  the  organ¬ 
ism,  we  regarded  It  as  e3q)edlent  to  concern  ourselves  with  age-connec¬ 
ted  changes  In  the  tissue  respiration  of  animals.  An  Investigation  of 
oxygen  absorption  by  muscle  tissue  auid  comparison  of  the  data  obtained 
on  the  structural  states  of  the  muscle  fibers  enabled  us  to  derive  a 
certain  amc’int  of  Information  on  the  relationship  between  the  phenomena 
of  tissue  hypoxia  and  structural  changes  In  the  muscle  fibers. 

Experiments  were  set  up  on  white  rats  of  different  ages,  beginning 
from  one  day  and  ending  at  37  months.  In  the  present  report,  we  shall 
discuss  only  the  material  obtained  In  Investigating  mature  and  aged 
rats.  Tissue  respiration  was  determined  on  a  Warburg  apparatus  In  Mey- 
erhoff's  bouillon  on  muscle  that  had  been  ground  up  on  ice  (Chepinoga, 
1939)*  The  experiments  were  run  at  t®  +  38®  and  a  pH  of  7-21.  To  deter¬ 
mine  the  structural  Integrity  of  the  muscle  tissue,  we  separated  out  a 
bundle  of  muscle  fibers  from  the  muscle  being  studied  and  split  It  up 
Into  Individual  fibers  under  the  binocular  microscope.  Here  the  muscle 
fibers  were  stained  quickly  with  0.1^  cresyl  blue,  followed  by  bleach¬ 
ing  with  a  acetic  acid  preparation.  With  this  method  of  staining, 
the  nucleus  and  transverse  strlatlon  are  rendered  easily  visible.  The 
thickness  of  the  muscle  fibers  did  not  change  as  a  result  of  such  stain¬ 
ing  -  a  fact  of  which  we  satisfied  ourselves  by  comparing  the  diameters 
of  muscle  fibers  In  the  unstained  and  stained  preparations.  The  diame¬ 
ters  of  the  muscle  fibers  were  measured  using  an  ocular  micrometer  un¬ 
der  the  microscope,  and  the  number  of  nuclei  on  a  segment  1265  microns 
In  length  was  estimated  with  the  same  instrument.  All  of  the  material 
obtained  was  processed  statistically  and  found  to  be  fully  reliable. 

It  is  evident  from  the  table  that  15- month- old  rats  have  the  high¬ 
est  rate  of  tissue  respiration.  At  24  months,  the  respiration  has 


Rate  of  Tissue  Respiration  In  Rats  of 
Various  Ages 
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l)  Age  of  rat  In  monthsj  2)  QO2  of  muscle;  3)  number  of  nuclei  In  mus¬ 
cle  fiber;  4)  thickness  of  muscle  (In  m-);  5)  visibility  of  strlatlon  In 
muscle  fiber;  6)  good;  7)  not  good  everywhere. 

dropped  by  8  nl,  and  by  37  months  by  11. 50  M-l#  l.e.,  by  almost  50^ 
coii?)ared  with  the  15-month  rats. 

Measured  over  a  one-hour  period  at  various  times  during  the  exper¬ 
iment,  the  oxygen  absorption  by  animals  of  different  ages  proceeds  in 
about  the  same  manner.  In  Pig.  la,  we  see  the  parallel  lay  of  the  three 
curves  Indicating  the  nature  of  the  respiration  of  rats  at  three  dif¬ 
ferent  ages:  15,  32  and  37  months.  These  curves  differ  from  one  another 
only  in  that  the  younger  the  animal,  the  higher  Is  the  curve  situated; 
this  serves  as  an  Indication  to  the  higher  respiration  rate  at  less  ad¬ 
vanced  ages. 

The  decline  in  tissue  respiration  in  old  animals  may  depend  both 
on  a  decrease  in  the  amount  of  active  substrate  and  a  decrease  in  en¬ 
zyme  activity.  In  this  case,  it  is  obvious  that  both  processes  occur, 
since  If  the  only  Important  factor  was  the  decrease  In  the  amount  of 
substrate,  with  the  enzyme  activity  remaining  unchanged,  then  the  curves 
from  rats  of  the  more  advanced  ages  would  not  show  the  same  uniform  de¬ 
cline  as  the  curves  for  the  young  rats. 

Microscopic  examination  of  the  muscle-fiber  structure  showed  that 
the  thickness  of  the  fibers  was  considerably  smaller  in  the  old  animals 
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as  conqpared  with  the  young  ones.  The  rats  aged  12-15  months  had  the 
thickest  muscle  fibers  (104-105  M-)>  aiid  the  first  signs  of  muscle- fiber 
thinning  begin  to  appear  at  ?4  months.  The  thickness  drops  to  80-74  p, 
in  the  32- 37- month- old  rats.  The  amount  of  connective  tissue  between 
the  fascia  Increases  in  the  aged  animals.  Thus,  the  protoplasmic  active 
substrate  in  the  muscles  diminishes  as  the  animal  grows  older. 


Jig.  1.  a)  Absorption  of 
oxygen  by  muscle  tissue 
over  one  hour;  1)  15- 
month-old  rat;  2)  32- 
month-old  rat;  3)  37- 
month-old  rat.  b)  oxy¬ 
gen  absorption  by  luas- 
cle  tissue  (l).  Thick¬ 
ness  of  muscle  fibers  in 
\L  (ll  )  and  number  of  nu¬ 
clei  in  them  (III)  for 
rats  of  different  ages. 
a)  Og  absorption  (in  m>1)j 

B)  time,  min;  C)  age, 
months. 


Concurrently  with  senescent  muscu¬ 
lar  atrophy,  the  muscle  fibers  show  a 
drop  in  the  clarity  with  which  the  trans¬ 
verse  strlatlon  is  outlined  and  an  in¬ 
crease  in  the  number  of  nuclei.  In  our 
opinion,  this  last  phenomenon  deserves 
particular  attention.  In  muscle  fibers, 
the  nuclei  are  centers  of  the  assimila¬ 
tion  processes,  in  exactly  the  same  way 
as  the  mitochondria,  according  to  con- 
ten?>orary  conceptions,  perform  the  role 
of  oxidative  metabolism  centers  (Ivanov 
and  Yur’yev,  1961;  A.  Miller,  D.  Konoll, 
M.  Gabrlyel’,  M.  Gandl,  1959;  Ye.  Ven- 
bakh,  I.  Garbus,  1959;  B.  V.  Kedrovskiy, 
1959,  et  al.  ). 

While  the  majority  of  cells  in  the 
aged  organism  have  lost  their  ability  to 
divide,  a  fact  that  some  authors  regard 
as  an  effect  of  aging,  the  nuclei  begin 
to  divide  at  a  high  rate  in  muscle  fib¬ 
ers,  and  the  older  the  organism,  the 


larger  the  number  of  nuclei  that  can  be  counted  in  a  c^ll.  This  was 
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pointed  out  by  1. 1.  Mechnlkov  in  his  t^mc;.  If  we  take  Into  account  what 
we  said  above  concerning  the  role  of  the  nuclei  in  the  assimilation 
processes,  then  it  is  natural  to  assume  that  the  intensified  division 
of  nuclei  that  begins  at  this  age  is  a  compensatory  reaction  to  the 
drop  in  the  oxidative  processes  in  the  cell.  If  we  take  this  standpoint, 
however,  then  it  is  necessary  to  adopt  the  position  that  the  "transport " 
of  oxygen  to  the  muscles  diminishes  with  increasing  age.  Since,  as  we 
know,  atherosclerosis  does  not  occur  in  rats,  it  is  necessary  to  find 
some  other  causes  responsible  for  the  hypoxic  state  of  the  muscle  tis¬ 
sue.  Oxygen  supply  may  be  disturbed  either  by  an  Increase  in  the  tone 
of  the  small  blood  vessels  or  by  thickening  of  the  membranes  of  both 
the  alveolcir  capillaries  and  the  capillaries  in  the  muscle  tissue.  Fu¬ 
ture  research  must  also  answer  this  question. 

Atrophic  processes  in  the  senescent  organism  do  not  affect  all 
muscle  fibers  to  the  same  degree.  It  is  frequently  possible  to  observe 
senescent  rats  that  have  no  distinctly  manifest  structural  changes  In 
their  muscle  fibers.  It  is  found  that  in  these  cases,  muscular  respira¬ 
tion  is  proceeding  at  a  rather  high  level. 

Take,  for  example.  Experiment  No.  l8.  Female  rat,  aged  32  months, 
muscle  tissue  QOg  25-8  ul^  number  of  fine  muscle  fibers  55-70  u  in  dia¬ 
meter  only  35^ j  number  of  fibers  with  Increased  nuclear  content  (90-100 
and  more)  only  12^.  It  Is  evident  from  this  example  that  In  this  par- 
tlculai*  animal  there  were  no  signs  of  tissue  hypoxia,  since  the  compen¬ 
satory  reaction,  which  consists  in  intensified  division  of  nuclei,  is 
indistinctly  in  evidence. 

In  certain  experiments  with  the  same  proportions  of  thick  and  thin 
muscle  fibers,  it  was  possible  to  observe  an  increase  In  the  number  of 
nuclei  present  in  the  cells,  Just  as  in  Experiment  No.  18.  In  our  opin¬ 
ion,  the  appeai*ance  of  a  large  number  of  nuclei  indicates  a  certain  de- 
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gree  of  oxygen  starvation  of  the  organism.  And,  Indeed,  the  oxygen  con- 
suisptlon  by  the  muscle  tissue  was  found  to  be  low  in  these  cases. 

This  can  be  demonstrated  by  reference  to  E;Q?erlment  No.  38  as  an 
example.  Female  rat,  32  months,  QOg  of  muscle  tissue  10.95  ul,  thin 
muscle  fibers  with  diameters  from  55-70  u  amounting  only  to  32J^,  number 
of  nuclei  In  all  muscle  fibers.  Irrespective  of  diameter,  very  large, 
at  9O-I50.  As  will  be  seen  from  the  examples  presented.  It  Is  possible 
'.;o  observe  differing  degrees  of  hypoxia  In  the  32-month-old  rats,  but 
If  it  is  present  It  Is  always  accompanied  by  Intensified  division  of 
nuclei. 

In  37-month-old  rats,  there  Is  always  a  distinctly  manifest  tissue 
hypoxia  -  the  QOg  Is  low.  With  very  rare  exceptions,  their  muscles  con¬ 
sist  of  thin  muscle  fibers  55-70  m-  In  diameter,  aind  all  of  these  fibers 
contain  large  numbers  of  nuclei  (over  100). 

Muscle  fibers  from  a  young,  15-month- old  rat  (Fig.  2a)  and  an  aged 
rat  at  age  37  months  (Fig.  2b)  were  mlcrophotographed.  The  muscle  fi¬ 
bers  of  the  young  rat  have  distinctly  manifest  transverse  strlatlon, 
are  100  \i  thick,  and  rod- shaped  nuclei  are  spotted  along  the  fiber  In 
Insignificant  nunbers.  In  the  muscle  fibers  from  the  aged  rat,  the 
transverse  strlatlon  Is  vague,  the  fibers  are  thinner  (65  ix)  and  we  see 
in  them  a  very  large  number  of  nuclei,  among  which  oval- shaped  nuclei 
occur  In  groups. 

Analysis  of  the  data  obtained  Indicates  that  the  oxygen  consun^)- 
tlon  by  the  tissue  diminishes  with  the  development  of  the  atrophic 
changes  peculiar  to  advanced  age.  The  phenomenon  of  tissue  hypoxia, 
however.  Is  more  distinctly  manifest  the  larger  the  number  of  thin  mus¬ 
cle  fibers  In  the  given  tissue  and  the  larger  the  number  of  nuclei  pre¬ 
sent  In  them.  Figure  lb  clearly  shows  the  relationships  that  exist  be¬ 
tween  QO2,  the  thickness  of  the  muscle  fiber  and  the  number  of  nuclei 
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Pig.  2.  Muscle  fiber  structure  (native  preparations),  a)  Muscle  fibers 
of  15- month- old  rat;  b)  muscle  fibers  of  37-month-'Old  rat.  Stain:  cres- 
yl  blue.  Magnification  10x7- 


present  in  the  muscle  fibers.  The  QO^  curves  and  the  thickness  of  the 
muscle  fibers  come  down  with  increasing  age,  while  the  curve  Indicating 
the  number  of  nuclei  In  the  muscle  fibers  In  the  various  age  periods 
rises  monotonlcally. 

In  our  opinion,  the  Increase  in  nucleus  count  in  the  muscle  fibers 
of  aged  animals,  an  Increase  that  runs  concurrently  with  the  rise  In 
level  of  tissue  hypoxia.  Is  one  of  the  compensatory  mechanisms.  The 
products  that  the  nucleus  secretes  Into  the  cytoplasm  stimulate  the  mi¬ 
tochondria  and,  consequently,  the  oxidative  processes  as  wjII.  r-luscle 
tissue,  whose  energy  expenditure  Is  particularly  high  In  warm-blooded 
animals,  comes  Into  a  particularly  difficult  situation  as  hypoxia  de¬ 
velops.  The  hypoxia,  and,  perhaps,  some  other  stimuli  as  yet  unknown  to 
us  that  appear  as  the  organism  ages,  cause  intensified  division  of  nu¬ 
clei.  It  may  be  assumed  that  the  Increased  number  of  nuclei  Is  capable 
to  some  extent  of  retarding  the  development  of  muscle- fiber  atrophy  as 
It  sets  In  under  the  conditions  of  oxygen  insufficiency  as  a  result  of 
disturbance  to  various  assimilative  processes.  The  presence  of  a  large 
number  of  nuclei  in  muscle  fibers  that  have  not  yet  begun  to  thin,  to¬ 
gether  with  depressed  QO^,  as  observed  In  some  of  the  cases  (for  exam¬ 
ple,  In  Experiment  No.  l8)  may  be  regarded  in  exactly  the  same  way. 
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Hius  we  conalder  that  the  appearance  of  a  large  number  of  nuclei 
serves  as  one  of  the  early  criteria  of  aging  and  the  onset  of  tissue 
hypoxia. 
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INFLUENCE  OF  HYPOXIA  ON  PROPAGATION  OF  STIMULI  IN  THE 
RESPIRATORY  FORMATIONS  OF  THE  BRAIN 
S.A.  Dollna  and  G.  P.  Konradl 
(Leningrad) 

A  number  of  Investigations  have  established  the  possibility  of  In¬ 
creasing  the  excitability  of  the  central  nervous  system  at  a  minor  de¬ 
gree  of  hypoxia  and  lowering  It  by  Inducing  a  considerable  degree  of 
oxygen  Insufficiency.  For  example,  in  our  laboratory,  T.  V.  Popova  es¬ 
tablished  that  such  a  two-phased  change  In  excitability  during  hypoxia 
produced  by  blood-letting  Is  observed  with  respect  to  the  exteroceptive 
and  Interoceptive  vasomotor  reflexes,  as  well  as  In  pressor  and  depres¬ 
sor  effects  caused  by  direct  excitation  of  the  cerebral  cortex  and  med- 
ula  oblongata. 

With  the  objective  of  obtaining  a  farther- reaching  chai^acterlza- 
tlon  of  the  Influence  exerted  by  hypoxia  on  this  state  of  the  central 
nervous  system,  we  undertook  to  study  the  Influence  of  varying  degrees 
of  hypoxia  on  the  propagation  of  an  excitation  produced  by  stimulating 
the  cerebral  cortex.  To  clear  up  this  question,  we  compared  the  magni¬ 
tude  of  the  threshold  voltage  of  the  current  producing  the  minimum  mo¬ 
tor  effect  with  the  voltage  of  the  current  necessary  to  evoke  general¬ 
ized  spasms. 

The  experiments  were  performed  on  rats  with  a  unipolar  electrode 
Implanted  In  the  region  of  the  projection  of  the  frontal  cortical  lobe 
after  removal  of  the  Insulation  from  a  point  0.  3  mm  In  diameter.  A  lead 
plate  on  the  animal's  tall  served  as  the  Indifferent  electrode.  The 
stimulus  was  provided  by  a  series  of  pulses  at  a  frequency  of  200  In 


1  sec,  from  an  IES-01  stimulator.  Stimulation  lasted  for  1  sec.  The 
threshold  voltage  necessary  to  evoke  local  contraction  of  the  contra¬ 
lateral  extremity  (porog  lokal'nogo  sokrashcherdya,  local  contraction 
threshold,  PLS)  and  the  voltage  Just  adequate  to  produce  generalized 
spasms  (porog  generallzovannykh  sudorog,  generalized  spasm  threshold, 
PGS)  were  determined.  Hypoxia  was  Induced  by  rapid  rarefaction  of  the 
air  In  an  altitude  chamber.  Ihe  Investigations  were  conducted  after  a 
40-mlnute  residence  In  thealtltude  chamber  at  the  "altitude"  in  ques¬ 
tion.  Each  series  of  experiments  was  performed  on  eight  to  ten  rats  af¬ 
ter  four  or  five  days  had  elapsed  since  lii¥>lantatlon  of  the  electrode 
In  the  cortex  of  the  brain. 

A  consistent  result  of  "elevating"  the  rats  to  an  "altitude"  of 
1500  n  was  a  drop  In  the  PLS  to  66  +  6.8^,  on  the  average,  of  the  Ini¬ 
tial  value,  which  was  taken  as  100,  with  a  simultaneous  rise  In  the  PGS 
to  154  +  9-95^  of  the  Initial  value.  As  a  result  of  the  opposite  direc¬ 
tions  taken  by  the  changes  In  the  PGS  and  PLS,  the  difference  between 
these  quantities  had  Increased  at  an  "altitude"  of  15OO  m  by  152  + 

+  28.9^  of  the  Initial  value  as  registered  at  normal  barometric  pres¬ 
sure.  A  statistically  quite  reliable  Increase  occurs  In  the  excitabil¬ 
ity  of  the  directly  stimulated  cortical  elements  with  such  an  Indis¬ 
putable  decrease  In  the  ability  of  the  stimulus  to  propagate  to  the 
formations  whose  participation  In  the  reaction  Is  necessary  to  produce 
general  spasms  (according  to  numerous  recent  data.  Induction  of  subcor¬ 
tical  structures  Into  the  excitation  Is  necessary  to  produce  this  ef¬ 
fect;  see  Gasto,  1959)-  The  drop  In  the  sensitivity  of  rats  to  corazol 
observed  at  the  "altitude"  of  15OO  m  Is  In  agreement  with  this,  while 
a  40  mg/kg  dose  of  corazol  Injected  subcutaneously  produced  spasmatlc 
attacks  in  five  rats  out  of  20  at  normal  barometric  pressure.  The  same 
dose,  administered  directly  before  an  "ascent"  to  the  "altitude"  of 
1500  m,  resulted  in  an  attack  of  spasms  In  only  one  rat  out  of  20.  With 
a  60  mg/kg  dose  of  corazol,  we  note  at  an  "altitude"  of  I5OO  m  a  dls- 


tlnct  weakening  of  the  spasm  attacks  produced  by  the  corazol  and  a  de¬ 
crease  In  their  duration  and  frequency. 

>  At  "altitudes"  of  7000  and  8000  m,  the  relationships  are  somewhat 

less  distinct.  A  weakening  of  the  spasmatlc  seizures  produced  by  cora¬ 
zol  is  also  noted  at  the  "altitude"  of  7000  m  (these  experiments  have 
not  yet  been  performed  for  higher  "altitudes").  The  magnitude  of  the 
PLS  Increased  at  the  "altitude"  of  7000  m  In  60^^  of  cases  (on  the  aver¬ 
age,  by  60^) ,  while  In  40^  of  cases  It  decreased  (by  an  average  of  30^) 
while  the  PGS  rose  at  this  "altitude"  (by  an  average  of  34^).  In  view 

of  the  consistency  of  this  effect  and  the  Increase  In  the  PLS  In  six 

cases  out  of  ten,  the  average  value,  taken  over  all  cases,  of  the  dj f- 
ference  between  the  PGS  and  PLS  at  the  "altitude"  of  7000  m  Increased 
by  60^  (+19. 8$^),  a  figure  at  the  boundary  of  statistical  reliability. 

At  the  "altitude"  of  8000  m,  the  PLS  had  risen  In  all  animals  by  an 
average  of  40  +  12.2^,  while  the  PGS  had  risen  In  three  rats  and  dimin¬ 
ished  In  five,  so  that  the  difference  between  the  PGS  and  PLS  In  five 

cases  was  50^  smaller,  and  In  three  cases  ^0%  larger  than  the  Initial 

value. 

Thus,  we  can  speak  of  an  unquestionable  decrease  In  the  excitabil¬ 
ity  of  the  cortical  motor  neurons  to  direct  stimulation  at  an  "altitude 
of  8000  m  (this  Is  already  noted  at  an  "altitude"  of  7OOO  m),  and  of  a 
certain  tendency  to  easier  propagation  of  the  excitation  leading  to 
general  spasms.  This  last  point  Is  in  agreement  with  literature  data 
(Gell'gorn)  to  the  effect  that  the  onset  of  spasms  caused  by  i.  .'*ect 
stimulation  of  the  subcortical  formations  Is  facilitated  In  hypoxia. 

It  Is  necessary  to  note  that  in  all  cases  In  which  we  (S.A.  Dollna 
1962)  observed  a  particular  tendency  to  go  Into  convulsions  (in  a  gene- 
^  tic  strain  of  rats  producing  audiogenic  spasms  and  In  rats  that  had 
been  sensitized  by  a  previous  attack  of  spasms),  we  consistently  ob- 
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seirved  significant  narrowing  of  the  Interval  between  the  PLS  and  PGS. 

On  the  other  hand,  when  we  achieved  a  drop  In  sensitivity  to  the  spasm- 
Induclng  agents  by  long-term  administration  of  very  slowly  increased 
doses  of  camphor,  this  was  accon^janled  by  a  very  sharp  Increase  In  the 
difference  between  the  PGS  and  PLS  values.  It  Id  therefore  necessary  to 
acknowledge  that  the  ability  of  an  excitation  process  to  radiate  out 
far  beyond  the  limits  of  Its  focus  of  origin  is  not  directly  related  to 
the  excitability  of  the  neurons  In  this  focus  with  respect  to  direct 
stimulation. 

A  large  amount  of  material  has  been  accumulated  in  the  study  of 
instinctive  and  conditioned  reflexes  to  indicate  that  the  degree  of  ex¬ 
citation  localization  In  the  reflex  arcs  of  unconditioned  and  condi¬ 
tioned  reflexes  is  achieved  by  an  Inhibition  process  opposed  to  the  ex¬ 
citation  process.  Hie  convulsive  attack  can  probably  be  regarded  as  an 
extreme  degree  of  disturbance  to  the  Inhibitory  process  that  limits  the 
excitation  process.  Hence  we  assume  that  slight  degrees  of  hypoxia  re¬ 
sult  not  only  in  elevated  excitability  of  the  cortical  cells,  but  also 
strengthen  the  inhibition  process  limiting  the  induction  Into  the  ex¬ 
citation  of  elements  that  do  not  belong  to  the  focus  directly  stimula¬ 
ted.  Ihls  does  not  exclude  the  possibility  that  the  decrease  that  we 
established  In  the  ability  of  the  stimulus  to  radiate  at  an  "altitude" 
of  1500  m  is  related  to  desynchronizing  excitation  of  the  elements  in 
the  reticular  formation  that  activate  the  cortex,  with  a  simultaneous 
reciprocal  suppression  of  those  reticular  formations  excitation  of 
which  promotes  synchronization  of  the  cortical  potentials  (Moruzzi 
i960).  As  we  know,  this  synchronization  Is  regarded  as  characteristic 
for  the  compulsive  attack.  It  is  also  possible  that  the  effect  of  hy¬ 
poxia  at  the  "altitude^'  of  15OO  m  depends  not  so  much  on  its  direct  in¬ 
fluence  on  the  brain  as  on  reflex  effects  from  the  aortocarotid  chemo- 
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receptive  zone,  excitation  of  whxch  causes  stimulation  of  the  divisions 
In  the  reticular  formation  that  activate  the  cortex.  It  must  also  be 
remembered  that  the  effects  that  we  observed  might  be  related  to  the 
Increase  In  the  brain's  blood  supply  that  Intervenes  at  a  certain  de¬ 
gree  of  iiypoxla. 

The  effects  of  hypoxia  at  "altitudes"  of  6OOO-8OOO  m  can  be  re¬ 
garded  as  consequences  of  the  decrease  In  cortical  excitability  and 
stimulation  of  the  reticular  formations  that  facilitate  the  synchron¬ 
ization  processes  (see  Bonvalle  and  Dell).  This  appeal  to  changes  In 
the  subcortical  divisions  caused  by  hypoxia  Is,  of  course,  still  purely 
hypothetical  In  nature,  and  this  Interpretation  Is  presented  only  as 
one  of  the  theoretlca?v.ly  admissible  ways  toward  an  explanation.  However, 
Irrespective  of  the  Interpretation  of  the  phenomena  described,  their 
Interest  consists.  In  our  opinion.  In  the  fact  that  they  characterize 
the  effect  of  hypoxia  not  only  on  the  excitability  of  nerve  cells  In 
the  cerebral  cortex,  but  also  Its  effect  on  the  ability  of  an  excita¬ 
tion  to  radiate  from  these  cells  to  other  formations  of  the  brain. 

The  facts  obtained  Indicate  that  a  degree  of  hypoxia,  not 

yet  sufficient  to  lower  the  content  of  oxyhemoglobin  In  the  blood,  in¬ 
creases  the  ability  to  limit  the  excitation  process  to  a  definite  focus 
and  thus  promotes  retention  of  the  mosaic  (I.P.  Pavlov)  of  excitation 
foci  In  the  cortex  of  the  brain.  It  would  be  of  Interest  to  Juxtapose 
these  facts  with  the  exceedingly  Important  data  of  N.N.  Slrotlnln  con¬ 
cerning  therapeutic  application  of  hypoxia  In  treatment  of  psychoses. 
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AN  INVESTIGATION  OP  THE  BIOELECTRIC  ACnVITY  OF  THE  CEREBRAL 
CORTEX  AND  CERTAIN  SUBCORTICAL  FORMATIONS  IN  ACUTE  HYPOXIA 
V.B.  Malkin,  A.N.  Razuneyev  and  Q.V.  Izosimov 

(Moscow) 

Tht  development  of  acute  hypoxic  hypoxia  in  warm'blooded  animals 
and  man  causes  significant  changes  in  the  functional  state  of  the  cen¬ 
tral  nervous  system  (P.  Behr,  1878,  V.V.  Pashutin,  188I;  D.  Barcroft, 
1927;  N.N.  Sirotinin,  1933-1941;  D.  Holden,  1936;  V.V.  Strel'tsov,  1938; 
E.  Opits,  1942;  I.R.  Petrov,  1949-1952,  and  others). 

Due  to  the  fact  that  disturbances  to  the  activity  of  the  brain  are 
responsible  for  the  gravity  of  the  pathological  state  in  hypoxia  and 
its  outcome,  a  large  number  of  experimental  studies  have  been  devoted 
to  the  question  of  the  Influence  exerted  by  oxygen  starvation  on  the 
central  nervous  system.  In  spite  of  this,  however,  the  mechanism  by 
which  the  bi'«in's  activity  is  disturbed  remains  in  many  respects  unin¬ 
vestigated. 

Among  the  various  methods  used  to  investigate  the  mechanism  by 
which  hypoxia  Influences  the  central  nervous  system,  electroencephalo¬ 
graphy  is  of  definite  importance. 

In  the  development  of  acute  oxygen  starvation,  both  in  practically 
healthy  persons  and  in  animals,  we  note  consistent  changes  in  the  bio¬ 
electric  activity  of  the  cerebral  cortex,  changes  that  correlate  to  a 
certain  degree  with  certain  symptcans  of  disturbance  to  the  activity  of 
the  brain  As  has  been  shown  by  the  studies  of  0.  Berger  (1934),  A.  Da¬ 
vis,  H.  Davis  and  W.  Thompson  (1936),  A.  Kornn^yuler,  F.  Pal 'me  and  Kh. 
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Shtrukhgol'd,  P.I.  Shpll 'berg  (19^3)  and  G.V.  Altukhov  and  V.B.  Malkin 
(19^9-1950) #  the  changes  In  the  bioelectric  activity  of  the  human  brain 
during  the  development  of  acute  hypoxia  are  phased.  We  can  clearly  dis¬ 
tinguish  two  or  three  sequentially  developing  phases:  l)  activation  of 
high  frequency  oscillations;  2)  activation  of  the  alpha -rhythm  and  3) 
dominants  of  the  slow  high-voltage  oscillations  -  the  delta-waves.  This 
last  phase  appears  In  the  development  of  severe  derangements  of  the 
brain's  activity  (convulsions.  Impaired  consciousness,  and  so  forth. 

Experiments  on  animals  have  made  It  possible  to  investigate  EEG 
changes  more  thoroughly  In  the  development  of  acute  oxygen  starvation, 
since  It  was  found  possible  to  study  even  extremely  grave  hypoxic 
states.  Three  basic  stages  in  the  variation  of  the  bioelectric  activity 
of  the  cerebral  cortex  have  been  described  as  functions  of  the  degree 
to  which  oxygen  starvation  has  advanced:  l)  activation  of  high-fre¬ 
quency  oscillations  -  the  desynchronization  phase;  2)  predominance  of 
slow  rhythms  of  high  amplitude  -  the  hypersynchronization  phase  and  3) 
extinction  of  bioelectric  activity  —  the  depression  phase  (F.  Bremer 
and  A.  Thoma,  193^;  V.  Noel',  1950;  P*  Dell  and  M.  Bonvaller,  1953;  0. 
Kreuzberg,  et  al. ,  1957;  M.N.  Livanov  and  O.N.  Parfenova,  19^5;  V.B. 
Malkin,  1955 ,  and  others). 

Up  to  the  present  time,  the  basic  object  of  study  In  acute  oxygen 
starvation  has  been  the  bioelectric  activity  of  the  cerebral  cortex, 
while  considerably  less  attention  has  been  given  to  Investigation  of 
the  bioelectric  activity  of  subcortical  formations.  At  the  same  time. 

It  Is  extremely  Important  to  study  the  Intercentral  relationships  to 
ascertain  the  mechanism  by  which  hypoxia  Influences  the  brain. 

With  the  purpose  of  studying  this  problem,  we  studied  the  bioelec¬ 
tric  activity  of  the  cortex  and  that  of  certain  subcortical  formations 
simultaneously  In  animals  during  the  development  of  acute  hypoxic  hypox- 
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During  the  work,  we  made  an  effort,  firstly,  to  establish  general 
relationships  between  the  changes  In  bioelectric  activity  In  different  % 
regions  of  the  cortex  and  subcortex,  and  to  ascertain  the  singularities 
specific  for  each  structure;  secondly,  to  determine  the  developmental 
sequence  of  the  changes  in  bioelectric  activity  In  various  structures 
of  the  brain. 

METHOD 

Experiments  were  performed  on  rabbits,  in  which  the  bioelectric 
activity  of  the  sensomotor  region  of  the  cerebral  cortex,  the  hippocam¬ 
pus,  the  hypothalamus  and  the  reticular  formation  of  the  mldbraln  ;;ere 
studied  during  the  development  of  acute  hypoxic  hypoxia. 

The  blocurrent  leads  were  bipolar  from  chronically  Implanted  elec¬ 
trodes.  Needle  electrodes  for  registering  the  cortical  biopotentials 
were  Implanted  In  the  sensomotor  region  through  a  trephined  hole,  with¬ 
out  exposure  of  the  dura  mater.  The  biopotentials  were  tapped  from  the 
subcortical  formations  by  means  of  constantan  electrodes  30  \i  in  diame¬ 
ter,  covered  with  glass  Insulation.  The  electrodes  were  Introduced  with 
a  stereotaxic  Instrument  designed  by  the  experimental  workshops  of  the 
Bogomolets  Physiology  Institute  using  the  coordinates  of  Sawyer,  Eneret 
and  Green.  The  electrodes  were  fixed  to  the  cranial  bones  with  dental 
cement.  The  biopotentials  of  the  brain  were  registered  on  an  Alvar  Ink- 
writer  electroencephalograph  simultaneously  with  the  record  of  the 
electrocardiogram  and  respiratory  movements. 

In  a  special  series  of  experiments  on  animals  In  various  stages  of 
hypoxia,  the  reticular  formations  or  hypothalamus  was  stimulated  elec¬ 
trically.  Here  we  used  an  Alvar  Neurovar  electronic  stimulator,  which 
generates  square-shaped  electrical  pulses. 

Acute  hypoxic  hypoxia  was  Induced  In  the  experimental  animals  by 
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"elevating"  them  In  an  altitude  chamber  to  an  "altitude"  of  12,000  m. 
The  rabbits  were  kept  at  the  "altitude"  of  12,000  m  until  the  bioelec¬ 
tric  activity  of  all  divisions  of  the  brain  being  registered  had  become 
totally  extinct. 

With  the  purpose  of  determining  exactly  the  positions  of  the  elec¬ 
trodes  In  the  brain,  we  ran  a  morphological  control,  which  Indicated 
that  the  electrodes  had  been  Introduced  quite  exactly  Into  the  desired 
region  of  the  brain. 

RESULTS  OP  INVESTIGATIONS 

A  total  of  38  experiments  was  run  on  20  rabbits.  In  the  normal 
state,  before  the  "high -altitude  ascent,"  rapid  rhythms  of  the  order  of 
15  cycles  and  more  could  be  traced  clearly  on  the  EEG  In  the  lead  from 
the  sensomotor  region  of  the  cortex  simultaneously  with  slow  oscilla¬ 
tions  of  the  order  of  4-8  cycles  (the  latter  not  uniformly  manifest  In 
the  different  animals).  The  average  level  of  cortical  bioelectric  ac¬ 
tivity  varied  from  60  to  100  ^xv  among  the  various  experimental  animals. 

Subcortlcally  In  the  reticular  formation  of  the  mldbraln  and  hypo¬ 
thalamus  and  In  the  lead  from  the  hippocampus,  the  average  level  of  bi¬ 
oelectric  activity  was  of  the  order  of  40-80  |j,v  and  only  In  occasional 
experiments  did  It  reach  9O-IOO  u,v. 

As  a  rule,  the  slow  rhythm  (4-6  cycles)  predominated  in  the  EEG 
traces  from  these  regions;  they  came  particularly  clearly  to  the  fore 
in  recordings  from  the  hippocampus  and  subthalamic  region,  where  oscil¬ 
lation  forms  of  the  same  type,  with  frequencies  of  4-6  per  second,  were 
frequently  observed.  In  the  hippocampus,  even  slower  oscillations  of 
the  order  of  1-0. 5  cycle  and  below  were  manifest  against  a  background 
of  such  activity  in  certain  animals. 

During  the  development  of  acute  oxygen  starvation  in  the  experi¬ 
mental  animals,  consistent  changes  in  the  bioelectric  activity  of  the 
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brain  were  detected.  They  appeared  at  different  tlaes  In  traces  fran 
different  formations  of  the  brain  and  were  phased.  Basically,  despite 
the  distinct  individualism  of  the  ISEQ's,  it  was  possible  to  distinguish 
three  phases  in  the  variation  of  the  EEO,  phases  that  reflected  advanc* 
ing  oxygen  starvation  of  the  brain. 

The  first  phase  consisted  in  activation  of  high-frequency  oscilla¬ 
tions;  it  made  its  appearance  even  during  the  "ascent"  to  altitudes  of 
2000-8000  m  (at  a  "rate  of  climb"  of  100  m  per  second).  This  phase  of 
the  changes  in  bioelectric  activity  was  detected  in  11  out  of  20  exper¬ 
imental  animals  (in  21  experiments  out  of  38).  It  appeared  most  dis¬ 
tinctly  in  leads  from  the  sensomotor  region  of  the  cortex,  the  reticu¬ 
lar  formation  and  in  the  tap  from  the  hypothalamus.  With  increasing 
number  of  rapid  oscillations,  and  despite  the  increase  in  their  ampli¬ 
tude,  the  average  level  of  bioelectric  activity  fell  off  somewhat:  in 
the  reticular  formation  to  25-40  |iv,  and  to  50-60  jiv  in  the  lead  from 
the  sensomotor  region  of  the  cortex.  During  this  period,  the  slow  rhy¬ 
thm  at  4-6  cycles  became  more  regular  in  the  traces  frcmi  the  hippocam¬ 
pus  and,  in  certain  experiments,  in  the  leads  from  the  hypothalamus. 

These  changes  in  the  blu^xectric  activity  of  the  brain  took  place 
against  a  background  of  distinctly  manifest  compensatory  respiratory 
reactlcxiB,  the  latter  taking  the  form  of  increased  frequency  and  depth 
of  resplratlcxi.  The  initial  changes  in  respiration  were  noted  at  "alti¬ 
tudes"  of  the  order  of  1000-2500  m,  l.e.,  somewhat  in  advance  of  the 
unmistakable  first  phase  of  the  change  in  the  brain's  bioelectric  ac¬ 
tivity. 

The  Increases  in  the  high-frequency  oscillations  in  the  leads  from 
the  sensomotor  region  of  the  cortex,  the  reticular  formation  and,  in 
some  experiments,  from  the  hypothalamus,  were  detected  almost  simultan¬ 
eously,  and  only  in  two  experiments  was  it  possible  to  observe  on  de- 
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tailed  analysis  of  the  curves  that  the  changes  In  the  bioelectric  ac¬ 
tivity  In  the  reticular  formation  appeared  slightly  befor-e  those  in  the 
cerebral  cortex. 

As  the  hypoxia  advanced  further  with  the  attainment  of  altitudes 
of  9000-12,000  m,  and.  In  some  of  the  animals,  during  the  first  10-30 
sec  at  the  "altitude”  of  12,000  m,  the  nature  of  the  bioelectric  activ¬ 
ity  changed  substantially.  The  high-frequency  oscillations  faded  and 
high -amplitude  slow  oscillations  appeared,  exhibiting  frequencies  of 
the  order  of  2-3  sec  [sic]  and  lower.  Despite  the  Individual  differen¬ 
ces  In  the  manner  In  which  the  EEG  changed,  predominance  of  the  slow 
oscillations  at  a  definite  stage  In  the  development  of  hypoxia  could  be 
noted  In  almost  all  of  the  experimental  animals  (in  19  our  of  20  ani¬ 
mals,  and  In  36  experiments  out  of  38). 

As  a  rule,  the  slow  high-frequency  osclllatlort  appeared  In  the 
traces  from  all  regions  of  the  brain  studied.  Only  In  certain  experi¬ 
ments  were  they  found  to  be  vaguely  manifest  In  the  lead  from  the  hip¬ 
pocampus,  where  an  Increase  In  the  amplitude  of  the  ultraslow  oscilla¬ 
tions  was  noted  In  some  experiments. 

Thus,  the  second  phase  of  variation  of  the  bioelectric  activity 
during  the  development  of  acute  hypoxia  can  be  characterized  by  the 
domination  of  slow  oscillations  with  a  considerable  (by  a  factor  of  two 
or  three  and  more)  Increase  in  the  average  level  of  the  bioelectric  ac¬ 
tivity. 

In  the  majority  of  experiments,  it  was  exceedingly  difficult  to 
establish  the  sequence  in  which  the  slow  oscillations  appeared  in  the 
leads  from  various  structures  0,^  the  brain.  They  appeared  almost  simul¬ 
taneously  in  the  reticular  formation,  the  sensomotor  region  of  the  cor¬ 
tex  and  the  hypothalamus.  In  six  experiments,  we  noted  that  the  slow 
oscillations  appeared  earliest  in  the  traces  from  the  reticular  forma - 
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tlon,  while  In  five  experlnents  they  appeared  first  In  the  lead  from 
the  scnsonotor  cortex.  As  a  rule«  It  was  only  In  tho  lead  from  the  hip¬ 
pocampus  that  the  slow  oscillations  appeared  later  than  they  did  In 
traces  from  other  regions  of  the  brain,  and  they  were  not  distinctly 
manifest  In  all  experiments. 

A  fact  of  definite  Interest  Is  that  "spindles’*  appeared  In  the  ex¬ 
periments  In  the  background  trace  of  the  EEG  fr«n  the  sensomotor  region 
or,  less  frequently.  In  the  lead  from  the  reticular  formation.  During 
the  time  In  which  the  slow  waves  were  dominant,  they  appeared  again  be¬ 
tween  groups  of  high-voltage  slow  oscillations. 

As  a  rule,  profound  derangements  of  central  nervous  activity  ap¬ 
peared  simultaneously  with  development  of  the  second  EEG  phase:  clonic 
spasms,  disappearance  of  motor  reflexes  to  pain  stimuli,  disappearance 
of  the  corneal  reflex,  and  so  forth.  The  cardiac  activity  was  also 
found  to  be  profoundly  disturbed,  as  attested  to  by  the  development  of 
bradycardia  with  total  or  partial  atrioventricular  block,  as  well  as  by 
the  appearance  of  a  polytonlc  ventricular  extrasystole.  Thus,  the  se¬ 
cond  phase  corresponded  In  time  with  the  development  of  uncompensated 
oxygen  starvation. 

The  second  phase  can  be  arbitrarily  broken  down  Into  two  periods: 
a  period  In  which  the  amplitude  of  the  slow  oscillations  Increases  and 
a  period  In  which  their  amplitude  and  frequency  diminish,  periods  that 
Immediately  precede  the  development  of  total  depression  of  bioelectric 
activity. 

Suppression  of  bioelectric  activity  Is  the  terminal  phase  In  the 
variation  of  the  EEG  in  acute  hypoxia.  It  does  not  appear  Inanedlately 
In  many  experiments.  Segments  of  "silence,"  l.e.,  the  complete  absence 
of  bioelectric  activity,  make  their  appearance  between  Individual 
groups  of  slow  oscillations.  The  bursts  of  blpelectrlc  activity  become 
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shorter  and  shorter,  the  periods  of  "silence”  become  steadily  lon,j;er 
and,  finally,  bioelectric  activity  ceases  completely.  This  phase  ir-  the 
variation  of  the  bioelectric  activity  appears  during  the  development  uf 
an  extremely  grave  hypoxic  state.  Usually,  It  coincides  In  time  with 
the  appearance  of  hypoxic  apnoea  and  with  the  development  of  terminal 
respiration. 

In  six  experiments,  the  suppression  of  bioelectric  activity  was 
noted  at  first  In  the  lead  from  the  reticular  formation,  and  only  then 
In  the  leads  from  the  sensomotor  region  of  the  cortex.  In  seven  experi¬ 
ments,  on  the  other  hand,  depression  of  the  biocurrents  occurred  first 
In  the  lead  from  the  sensomotor  cortex,  and  later  In  the  trace  from  the 
reticular  formation.  In  l6  experiments,  suppression  of  the  bioelectric 
activity  of  the  sensomotor  cortex,  the  reticular  formation  and  the  hy¬ 
pothalamus  was  noted  almost  simultaneously.  The  bioelectric  activity  of 
the  hippocampus,  as  a  rule,  was  maintained  for  the  longest  time. 

Rapid  return  of  the  animals  to  normal  barometric  pressure,  i.e., 
"descent  from  altitude,”  when  done  while  they  were  still  breathing, 
I.e.,  before  terminal  respiration  had  definitely  ceased,  resulted  In 
gradual  restoration  of  the  bioelectric  activity  of  the  brain  and  all 
vital  functions.  Restoration  of  bioelectric  activity  took  place  faster 
with  shorter  suppression  phases  of  the  EEG  at  "altitude." 

During  resuscitation,  we  noted  that  all  of  the  phase  changes  In 
the  EEG  that  had  been  observed  during  the  development  of  hypoxia  were 
run  through  in  reverse  order. 

In  most  of  the  experiments,  the  bioelectric  activity  appeared 
first  In  the  lead  from  the  sensomotor  region  of  the  cortex,  and  only 
later  In  the  leads  from  the  subcortical  formations  and  hippocampus.  In 
ten  experiments,  the  appearance  of  bioelectric  activity  In  the  lead 
from  the  sensomotor  cortex  preceded  the  onset  of  EEG  restoration  In 
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other  leads  by  5  sec  and  longer.  In  nine  experiments,  restoration  of 
bioelectric  activity  was  noted  simultaneously  in  the  leads  frcsn  the 
cortex  and  from  the  subcortical  formations,  and  only  in  three  experi-  I 

ments  did  the  bioelectric  activity  first  reappear  in  the  lead  from  the 
subcortical  regions. 

In  ten  experiments,  electrical  stimulation  was  applied  to  the  hy¬ 
pothalamus  (six  experiments)  or  the  reticular  formation  (four  experi¬ 
ments)  in  various  phases  of  the  variation  of  bioelectric  activity.  The 
stimulation  was  provided  at  the  threshold  current  value,  l.e.,  the  val¬ 
ue  that  would  provoke  a  slight  motor  reaction  from  the  animal  before 
the  "ascent  to  altitude." 

In  all  experiments,  we  noted  a  rise  in  the  electrical  stimulation 
threshold  during  the  development  of  hypoxia  while  the  slow  high-ampli¬ 
tude  oscillations  were  dominant  in  the  EEG  (phase  II)  and  during  sup- 
presslai  of  bioelectric  activity  (phase  III),  l.e.,  in  no  experiment 
did  we  note  even  a  weak  motor  reaction  on  the  part  of  the  experimental 
animal  in  response  to  stimulation. 

During  the  phase  in  which  bioelectric  activity  was  being  restored, 
the  electrical  threshold  remained  abnormal  for  a  long  time.  Here  the 
restoration  of  electrical  excitability  was  observed  only  some  time  af¬ 
ter  the  EEG  had  apparently  recovered. 

In  two  experiments,  the  slow  oscillations  were  observed  to  be  sup¬ 
planted  by  high-frequency  oscillations  in  the  lead  from  the  reticular 
formation  directly  after  stimulation  of  that  formation;  here,  the  slow 
oscillations  in  the  lead  from  the  sensomotor  region  of  the  cortex  also 
became  somewhat  less  distinct. 

During  the  phase  in  which  bioelectric  activity  had  been  suppressed, 
it  was  found  possible  on  stimulation  to  produce  spontaneous  activity  of 

t 

the  stimulated  region  for  a  certain  time.  Following  stimulation  of  the 
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hypothalamus  during  the  phase  In  which  the  high -amplitude  slow  waves 
dominated.  It  was  observed  In  four  experiments  out  of  six  that  suppres¬ 
sion  of  the  bioelectric  activity  of  the  stimulated  region  occurred  con¬ 
siderably  later  than  In  other  regions  of  the  brain  as  hypoxia  advanced. 

Analysis  of  the  experimental  data  brings  out  certain  Individual 
differences  In  the  sequence  of  changes  In  the  bioelectric  activity  of 
the  brain  between  different  experimental  rabbits.  Despite  this,  however, 
we  can  distinguish  three  basic  phases  characterizing  the  change  In  bio¬ 
electric  activity  with  rapidly  advancing  hypoxic  hypoxia:  l)  activation 
of  high-frequency  oscillations;  2)  dominance  of  slow  high -amplitude 
waves;  3)  suppression  of  bioelectric  activity. 

These  phases  appear  In  the  EEG  both  In  the  lead  from  the  sensomo- 
tor  region  of  the  cortex  and  In  the  leads  from  the  reticular  formation 
and  hypothalamus.  In  EEG  traces  from  the  hippocampus.  It  was  not  possi¬ 
ble  to  observe  a  phase  In  which  high-frequency  oscillations  were  activ¬ 
ated. 

The  presence  of  consistent  phase  variations  In  the  EEG  In  taps 
from  different  formations  of  the  brain  Indicates  that  they  reflect  a 
nonspecific  reaction  of  the  neurons  to  a  strong  stimulus.  We  might  also 
arrive  at  this  conclusion  on  the  basis  of  the  fact  that  such  EEG  phase 
changes  have  been  observed  not  only  In  the  various  forms  of  hypoxia, 
but  also  In  hypoglycemia  (Gell'gorn),  narcosis  (Roblner  et  al. )  and 
other  disturbances. 

Dell  and  Bonvaller  showed  that  the  activation  of  high-frequency 
oscillations  In  a  lead  from  the  cortex  during  hypoxia  Is  due  to  Irrita¬ 
tion  of  the  chemoreceptors  In  the  slnocarotlc  zone,  which  results  In 
excitation  of  an  ascending  activating  reticular  formation  and  determines 
the  corresponding  desynchronization  reaction  in  the  cortex.  The  experi¬ 
ments  that  we  performed  show  that  the  hypothalamus  Is  also  drawn  Into 
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this  reaction.  In  addition  to  the  reticular  formation. 

The  development  cfthe  second  phase  may  be  governed  In  the  cortex 
both  by  the  direct  Inhibiting  action  hypoxia  on  the  cortical  neurons 
and  by  the  suppression  of  their  activity  due  to  a  decline  or  complete 
cessation  cfthe  activating  effect  of  the  reticular  formation  on  the 
cortex.  The  appearance.  In  some  experiments,  of  slow  waves  In  the  lead 
from  the  senscxnotor  region  of  the  cortex  somewhat  in  advance  of  the 
same  phenomenon  In  the  lead  from  the  reticular  formation  provides  a  ba¬ 
sis  for  the  assumption  that  the  second  phase  Is  due,  at  least  In  these 
experiments,  to  the  direct  Inhibiting  effect  of  hypoxemia  on  the  neu¬ 
rons. 

The  cortical  and  subcortical  development  sequence  in  the  second 
and  third  phases  -  the  latter  consisting  of  suppression  of  the  brain's 
bioelectric  activity  -  suggests  a  ccxnplex  systemic  character  for  the 
reaction  of  the  central  nervous  system  In  hypoxemia,  and  not  a  simple 
layer-by-layer  "swltchlng-out"  of  Its  various  divisions,  as  has  been 
assumed  by  some  Investigators  (V.V.  Strel'tsov,  A. A.  Volpkhov  and  oth¬ 
ers). 

In  this  connection,  the  fact  that  the  bioelectric  activity  of  the 
cortical  sensomotor  region  Is  restored  first  after  the  animals  have 
been  returned  to  normal  respiration  conditions  is  highly  noteworthy. 

Thus,  In  ephemeral  acute  hypoxic  hypoxia  producing  complete  sup¬ 
pression  of  bioelectric  activity  (lasting  up  to  1  minute)  in  the  senso¬ 
motor  region  of  the  cortex,  the  hippocampus,  the  reticular  formation 
and  the  hypothalamus,  the  sequence  of  phase  changes  in  the  EEO  cannot 
be  reduced,  either  during  the  time  In  which  hypoxemia  Is  being  aggrav¬ 
ated  or  during  resuscitation,  to  the  simple  model  of  layer-by-layer 
"top-to-bottan"  Inhibition  of  various  regions  of  the  brain  and  their 
corresponding  "bottom-to-top"  restoration  during  the  posthypoxlc  period. 


POLAROGRAPHIC  METHOD  IN  STUDY  OP  TISSUE  HYPOXIA  IN  THE  LIVING 
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Ye. A.  Kovalenko,  V.L.  Popkov  and  I.N.  Chernyakov 

(Moscow) 

Under  the  Influence  of  many  factors  encountered  in  high -altitude 
flight  —  rarefaction  of  the  atmosphere,  excess  pressure  In  the  lungs, 
acceleration  -  hypoxic  states  may  arise  In  the  organism  -  states  whose 
study  Is  of  great  practical  and  theoretical  Interest  for  aviation  and 
space  medicine. 

A  much-neglected  and,  at  the  same  time,  one  of  the  most  Interest¬ 
ing  and  important  aspects  of  the  problem  of  oxygen  starvation  Is  that 
of  hypoxia  and  the  oxygen  supplied  directly  to  the  tissues,  and,  pri¬ 
marily,  to  the  tissues  of  the  brain  as  the  organ  most  sensitive  to  oxy¬ 
gen  deficiency. 

The  methods  of  In  vivo  study  of  hypoxic  states,  which  were,  until 
recently,  within  the  province  of  the  physiologist  and  pathophysiologist, 
enabled  us  to  Judge  the  oxygen  supply  being  furnished  to  the  tissues 
only  Indirectly.  Only  In  recent  years  has  a  method  been  developed  for 
determining  the  oxygen  partial  pressure  (PO2)  directly  In  the  tissues  - 
the  method  of  polarographlc  analysis.  The  theoretical  foundations  of 
this  technique  and  the  principles  employed  In  Its  practical  utilization 
In  analytical  chemistry  and  engineering  were  worked  out  by  the  Czech 
scientist  Ya.  Geyrovskly  (1922). 

The  polarographlc  technique  has  been  used  In  physiological  re¬ 
search  by  Davis  and  Brink  (19^2),  Montgomery  (1958),  and  Clark  et  al. 


(1953)^  and  also  by  A.L.  Byzov  and  Q.D.  Smlmov  (1951)>  !•!>•  Entlna  and 
V.A.  Yakovlev  (1951),  A.D.  Snezhko  (1956),  Ye. A.  Kovalenko  (1959,  196l), 
Ye.N.  Khvatova  (1961 )  and  N.V.  Sanotskaya  (i960). 

The  essentials  of  this  technique  reduce  to  the  following.  If  a 
voltage  of  0.4-0. 6  v  is  impressed  upon  two  electrodes  placed  in  a  solu¬ 
tion  of  electrolyte  or  in  the  tissue  of  a  living  organism,  which  is  a 
colloidal  solution,  then  reduction  of  the  Og  present  in  the  given  med¬ 
ium  begins  at  the  cathode,  with  formation  of  H^O^  (0^  +  2H  +  2e  «  HgOg) 
and  then  reduction  of  the  HgOg  to  water  (HgO^  +  2H  +  2e  =  2H2O).  This 
naturally  causes  a  current  to  flow  in  the  circuit  -  a  current  whose 
magnitude  is  proportional  to  the  amount  of  oxygen  diffusing  toward  the 
cathode  per  unit  of  time,  i.e.,  to  the  oxygen  concentration  in  the  so¬ 
lution.  Consequently,  the  Og  concentration  in  the  solution  can  be  in¬ 
ferred  from  the  value  of  the  current  registered. 

For  In  vivo  determination  of  the  Og  partial  pressure  in  the  tis¬ 
sues,  the  polarographic  analysis  procedure  departs  frcin  the  classical 
version  in  using  a  solid  platinum  electrode  Instead  of  the  mercury 
electrode.  A  nonpolarizing  electrode  (Dubois -Reymond  electrode,  a  cal¬ 
omel  electrode  or  a  silver  chloride  electrode)  is  used  as  the  anode. 

The  voltage  is  applied  to  the  electrodes  from  a  direct -current  battery; 
the  current  that  arises  in  the  circuit,  which  is  of  the  order  of  frac¬ 
tions  of  a  microampere,  is  registered  by  means  of  a  sensitive  galvano¬ 
meter. 

Research  is  performed  under  ordinary  laboratory  conditions  with 
this  polarographic  apparatus  ~  at  normal  barometric  pressure  and  con¬ 
stant  gravitational  field. 

The  polarographic  apparatus  has  been  improved  for  experiments  to 
be  performed  in  a  rarefied  atmosphere.*  This  technique  makes  it  possi¬ 
ble  to  determine  pOg  in  several  regions  of  the  brain  (cortex  and  sub- 


cortex)  under  the  conditions  of  the  altitude -chamber  experiment  and  Is 
essentially  as  follows. 

An  operation  Is  performed  In  which  two  composite  electrodes  are 
Implanted  In  the  brain  of  a  dog;  the  electrodes  are  made  of  plexlglas 
and  each  encloses  two  platinum  needles  of  differing  ? ^ngths  (from  4  to 
16  mm  for  the  cortex  and  subcortex).  These  electrodes  become  the  cath¬ 
odes.  The  anodic  electrode  Is  either  an  ebonite  rectal  electrode  with  a 
silver-chloride  attachment  or  a  specially  developed  ear  clip  of  our  own 
design  with  a  sliver  cnlorlde  plate  and  a  screw  that  makes  It  possible 
to  vary  the  amount  of  contact  between  the  electrode  and  the  skin  and  to 
regulate  the  Interelectrode  resistance  within  certain  limits.  The  use 
of  such  arodic  electrodes  eliminates  the  possibility  of  evaporation  of 
liquid  from  the  latter's  surface  and  formation  of  bubbles  of  desatura- 
ted  gas  within  the  electrodes  when  the  atmosphere  Is  rarefied.  Moreover 
the  secure  location  of  the  electrodes  makes  It  possible  to  conduct  oxy¬ 
gen  polarographlc  analysis  even  when  the  accelerations  are  considerable 
A  diagram  of  the  polarographlc  apparatus  Is  presented  below  (see  Flg.l) 

The  operation  of  the  Implanted  electrodes  during  respiration  of 
various  gas  mixtures  In  "ascents"  In  the  altitude  chamber  can  be 
checked  Immediately  after  the  operation  if  an  acute  experiment  Is 
planned,  or,  on  the  other  hand,  10-15  days  later,  when  the  animal  Is  to 
be  used  for  chronic  experiments. 

Electrodes  were  regarded  as  satisfactory  If  they  could  be  used  to 
register  a  proportional  Increase  In  the  PO2  in  the  brain  during  resplra 
tion  of  gas  mixtures  with  the  oxygen  concentration  Increasing  (from  20 
to  1005^)  and  with  diminishing  pOg  during  Inspiration  of  mixtures  defi¬ 
cient  In  oxygen.  The  oxygen  partial  pressure  registered  during  Inspira¬ 
tion  of  air  Is  taken  as  100^. 

A  particularly  valuable  criterion  for  proper  performance  of  the 
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Pig.  1.  Diagram  of  polarographlc  apparatus  for  direct  determination  of 
Og  pressure  In  tissues  of  dog  brain.  1)  Direct -current  source;  2)  var¬ 
iable  resistance:  3)  voltmeter;  4)  direct  current  amplifier;  5)  record¬ 
ing  mechanism;  6)  platinum  electrodes  In  brain  (cathodes);  7)  silver 
chloride  ear  electrode  (anode).  A)  U  «  220  volts  AC. 


Pig.  2.  Change  In  rhythm  of  pO^  In  brain 
tissues  during  respiration  of  gas  mix¬ 
ture's  with  different  contents  of  Op  and 
COg.  A)  Air.  ^ 

polarographlc  apparatus  Is  obtained  by  "elevating"  the  animal  In  the 

altitude  chamber  to  an  "altitude"  of  10,000-10,500  m  during  respiration 

of  pure  oxygen.  Here  the  pOg  In  the  tissues  of  the  brain  should  be  the 

same  as  on  the  ground  during  respiration  of  atmospheric  air,  since  the 

partial  pressure  of  Og  In  the  alveolar  air  Is  approximately  the  same  In 

these  two  cases. 

Using  the  polarographlc  apparatus  described,  we  performed  several 
series  of  experiments  with  altitude -chamber  "ascents"  and  barometric 
pressure  drops,  respiration  of  gas  mixtures,  and  even  during  spinning 
on  the  centrifuge.  The  results  obtained  give  a  clear  conception  of  the 
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high  promise  of  the  polarographlc  method  for  study  of  hypoxic  states. 

Under  ordinary  conditions,  when  the  dogs  were  breathing  air,  a 
number  of  experiments  showed  a  kind  of  rhythm  In  the  brain -tissue  os¬ 
cillations  of  the  oxygen  pressure,  at  a  frequency  of  4-8  per  minute; 
the  amplitudes  of  these  oscillations  sometimes  reached  as  high  as  20^ 
of  jbhe  Initial  pO^  level.  A  similar  observation  was  also  made  In  the 
studies  of  A.D.  Snezhko  (1957)  and  those  of  Davis  and  Bronk  (1957)*  The 
nature  of  this  rhythmlcity  has  not  yet  been  made  clear.  In  our  experi¬ 
ments  we  established  a  considerable  Increase  In  the  amplitude  of  the 
rhythmical  pO^  fluctuations  during  respiration  of  100^  oxygen  and  a 
sharp  decrease  or  even  the  disappearance  of  the  oscillations  during 
respiration  of  gas  mixtures  with  high  CO2  contents  (Fig.  2).  Consider¬ 
able  variations  in  the  PO2  rhythm  were  also  observed  during  accelera¬ 
tion.  These  facts,  together  with  the  data  of  other  authors,  provide 
support  for  the  assumption  that  the  rhythmical  variations  of  PO2  re¬ 
flect  a  periodicity  In  the  metabolic  processes  or  fluctuations  In  blood¬ 
vessel  tone  In  the  brain.  However,  this  problem  requires  further  study. 

During  a  slow  "ascent"  In  which  the  animals  were  taken  up  to  an 
"altitude"  of  12,000  m  without  oxygen  and  left  at  this  altitude  for  two 
minutes,  we  observed  a  drop  In  the  PO2  In  the  cortex  by  an  average  of 
505^  and  In  the  subcortex  by  705^*  Here,  violent  manifestations  of  acute 
oxygen  starvation  were  freouantly  noted  (convulsions  and  suspension  of 
respiration).  "Ascent"  to  this  altitude  with  oxygen  caused  a  drop  in 
the  cortical  and  subcortical  PO2  by  no  more  than  20-255^. 

The  same  drop  in  PO2  was  observed  while  the  animals  were  In  resi¬ 
dence  at  an  "altitude"  of  3600-400')  m  without  O2,  l.e.,  in  these  cases 
only  a  moderate  oxygen  starvation  of  the  brain  tissues  was  noted.  These 
data  permit  Inferences  as  to  the  maximum  permissible  degrees  of  hypoxia 
in  the  brain  tissue  and  provide  a  conception  of  the  levels  of  oxygena- 
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tlon  of  tissues  In  various  divisions  of  the  brain  under  various  condi¬ 
tions  of  oxygen  supply. 

During  rapid  "ascents,"  such  as  simulate  depressurization  of  an 
aircraft's  cabin  at  altitudes  of  15,000,  17,000  and  20,000  m,  the  dogs 
showed  a  distinct  drop  in  the  pO^  of  the  brain  tissues  within  30-10 
seconds,  respectively.  The  pattern  of  acute  oxygen  starvation  developed 
immediately  after  this,  terminating  In  collapse  of  the  animal,  convul¬ 
sions,  and,  within  120-60  seccxids,  total  cessation  of  respiratory  move¬ 
ments.  Further  residence  at  these  "altitudes"  resulted  In  the  death  of 
the  animal. 

The  rate  and  extent  of  braln-tlssue  deoxygenation  Increased  with 
Increasing  "altitude."  This  fact  accounts  for  the  shortening  of  the 
"reserve  time"  in  the  dogs  (this  Is  the  time  from  the  moment  of  col¬ 
lapse  to  stoppage  of  respiration)  that  was  observed  as  the  "altitude" 
Increased,  and  requires  a  critical  attitude  toward  the  statement  Shtru- 
khgol'd  et  al.  (1951)  to  the  effect  that  an  altitude  of  15,000  m  Is 
equivalent  to  cosmic  space  as  regards  0^  deficiency. 

In  experiments  In  which  oxygen  was  breathed  under  excess  pressure., 
using  an  external  compensating  counterpressure  on  the  body  under  ground - 
level  conditions  and  during  "ascents"  to  altitude.  It  was  estacllshed 
that  the  pOg  in  the  brain  tissues  Is  determined  by  the  excess  pressure 
In  the  lungs,  the  effectiveness  of  the  compensating  apparatus  and  the 
"altitude  of  ascent."  Thus,  under  ground  conditions,  given  an  Increase 
In  Intrt pulmonary  pressure  to  150  mm  of  mercury  and  adequate  compensa¬ 
tion  of  the  latter  by  an  external  counterpressure,  the  PO2  In  the  brain 
tissues  Increased  by  two  or  three  times.  In  cases  In  which  the  excess 
pressure  In  the  lungs  was  not  effectively  compensated,  the  pOg  fell  be¬ 
low  the  Initial  level.  Indicating  the  development  of  circulatory  de¬ 
rangements. 
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Breathing  oxygen  under  an  excess  pressure  amounting  to  15O  mm  hg 
together  with  the  atmospheric  pressure  In  ccanblnatlon  with  an  effective 
counterpressure  on  the  animal's  body  during  the  "ascent”  to  "altitudes” 
up  to  30,000  m  permits  maintenance  of  the  PO2  In  the  brain  tissues  at 
60~70^  of  the  Initial  level.  Under  these  conditions,  therefore,  the  an¬ 
imals'  organisms  are  In  a  state  of  moderate  oxygen  starvation,  since 
such  pOg  values  are  observed  In  ascents  without  0^  to  moderate  alti¬ 
tudes  (4000-5000  m)  or  during  respiration  of  lOOji  0^  without  excess 
pressure  at  an  altitude  of  12,000  m. 

A  decrease  In  the  excess  pressure  In  the  lungs,  like  a  decrease  in 
the  effectiveness  of  the  compensating  devices  under  the  conditions  of 
flight,  results  In  a  considerable  drop  in  the  brain's  PO2,  which  some¬ 
times  falls  to  305^  of  the  Initial  level. 

The  data  obtained  In  this  series  of  experiments  Indicate  the  pos¬ 
sibility  of  using  the  polarographlc  technique  for  oxygen  determination 
In  combination  with  other  research  methods  to  evaluate  the  effective¬ 
ness  of  experimental  oxygen-breathing  equipment  that  sets  up  an  eleva¬ 
ted  pressure  in  the  respiratory  passages. 

Use  of  the  polarographlc  technique  has  made  It  possible  to  obtain 
Interesting  data  also  during  prolonged  acceleration.  It  was  found  that 
under  these  conditions,  the  PO2  in  the  brain  tissues  drops  (Fig.  3)* 
Here  the  degree  to  which  the  PO2  declines  Is  determined  chiefly  by  the 
magnitude  of  the  g-force.  Also  of  essential  Importance  Is  the  latter's 
direction  relative  to  the  longitudinal  axis  of  the  animal's  body.  Thus, 
It  became  possible  for  the  first  time  in  obtaining  not  Indirect,  but 
direct  proof  of  the  development  of  tissue  hypoxia  In  the  brain  under 
the  Influence  of  acceleration.  Comparison  of  the  data  obtained  on  pOg 
with  the  results  of  varying  other  physiological  functions  enables  us  to 
form  a  conception  of  the  severity  of  the  developing  hypoxic  state  and 
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evaluate  the  effectiveness  of  the  various  countermeasures  taken  under 


these  conditions. 


tlcffi  stops;  3)  artificial  respiration. 

The  use  of  the  polarographlc  technique  in  experiments  on  animals 
trcathlng  various  gas  mixtures  made  it  possible  to  establish  that  the 
PO2  in  the  brain  tissues  depends  not  only  on  the  partial  pressure  of 
this  gas  in  the  inspired  mixture,  but  also  on  the  latter's  CO^  content. 
Thus,  addition  of  5-105^  of  COp  (replacing  nitrogen)  to  the  air  causes 
pOg  to  rise  to  130-1605^.  Further,  while  respiration  of  a  hypoxic  mix¬ 
ture  (55^  Og  and  955^  Ng)  for  three  minutes  lowers  the  pO^  on  the  average 
to  455^,  addition  of  10%  of  CO2  to  this  mixture  lowers  the  PO2  only  to 
on  the  average.  These  data  indicate  the  Importance  of  the  part  tak¬ 
en  by  by  carbon  dioxide  in  hypoxic  states  of  the  brain  and  make  plssl- 
ble  a  new  approach  to  study  of  the  mechanism  by  which  carbogen  [oxygen 
with  admixture  of  carbon  dioxide]  exerts  its  Influence  in  oxygen  starv¬ 
ation. 

A  study  of  the  Influence  of  various  pharmaceutical  agents  (adrena¬ 
lin,  caffeine,  cytltone,  lobeline)  on  the  PO2  level  indicated  that  the 
oxygenation  of  the  brain  also  depends  to  a  considerable  degree  on  the 
state  cf  blood  circulation  in  the  brain  tissues.  Thus,  on  Intravenous 
administration  of  adrenalin,  we  observe  a  sharp  undulating  increase  In 
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pO  In  the  tissues  of  the  brain.  This  fact  suggests  the  possibility  of 
2 

experimental  study  of  the  action  of  various  pharmaceutical  agents  on 
the  level  of  oxygen  supplied  to  the  brain. 

It  can  be  stated  on  the  basis  of  the  data  presented  above  that  In 
vivo  determination  of  ^0^  In  the  tissues  of  the  brain  under  the  Influ¬ 
ence  of  rarefied  atmosphere,  acceleration,  breathing  of  oxygen  under 
excess  pressure  and  mixtures  of  gases,  as  well  as  on  administration  of 
various  pharmaceutical  agents  to  the  organism,  places  In  the  hands  of 
the  experimenter  a  valuable  technique  for  study  of  the  oxygen  supplied 
to  the  tissues  of  the  brain  while  the  factors  enumerated  are  in  opera¬ 
tion. 

Manu¬ 
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OXYGEN  PRESSURE  IN  TISSUES  OP  DOG  BRAIN  DURING 
RESPIRATION  OP  GAS  MIXTURES 
Ye. A.  Kovalenko,  V.L.  Popkov  and  I.N.  Chernyakov 

(Moecovf) 

In  studying  the  organism's  reactions  to  changes  In  the  gas  compo¬ 
sition  of  the  air  Inspired,  It  Is  necessary  to  have  an  Idea  of  the  par¬ 
tial  pressures  of  the  gases  In  the  alveolar  air,  the  blood  and  directly 
In  the  tissues.  Among  these  problems,  the  latter  Is  at  present  the  one 
most  neglected  and  at  the  same  time  the  most  Important,  since  until  re¬ 
cently  there  has  been  no  reliable  technique  for  In  vivo  determination 
of  the  gas  pressures  In  the  tissues  of  the  living  organism. 

METHOD 

With  the  purpose  of  In  vivo  study  of  the  dynamics  of  oxygen  pres¬ 
sure  (pOg)  In  dog  brain  tissue  during  respiration  of  various  gas  mix¬ 
tures,  we  employed  the  polarographlc  method  of  determining  the  Og  using 
platinum  electrodes  Implanted  In  the  brain.*  Simultaneously  with  pO^, 
certain  Indices  to  the  basic  physiological  functions  were  recorded  In 
Individual  experiments  using  an  eight-channel  Ink-writer  oscillograph: 
EEG,  EKO,  pneumogram,  and  EMG  of  the  external  oblique  abdominal  muscles, 
the  pulmonary  ventilation  and  arterial  pressure. 

The  gas  mixtures  used  In  the  experiments  consisted  of  nitrogen, 
oxygen  and  carbon  dioxide  In  various  proportions  (see  table).  A  special 
apparatus  was  developed  to  permit  quick  preparation  of  a  gas  mixture  of 
the  desired  composition  and  feed  It  Into  the  respiratory  passages  of 
the  animal  (Fig.  1).  The  apparatus  consists  of  three  bottles  (1)  with 
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Fig.  1.  Diagram  of  apparatus  for  prepara¬ 
tion  of  gas  mixtures.  A  description  Is  giv¬ 
en  in  the  text. 


capacities  of  40  liters  each  operating  at  a  pressure  of  up  to  150  atm, 
three  pressure  reducers  (2)  with  the  valves  (3),  which  cut  the  pressure 
to  1-3  atm,  three  nozzles  (4)  with  diameters  of  0.3  and  0.15  mm  to  set 
up  a  steady  flow  of  gas,  sections  of  rubber  tubing,  a  mixer  (6)  and 
rheometers  (7)-  The  latter  make  It  possible  to  establish  the  required 
percentage  composition  of  the  gases  In  the  mixture  from  the  volume  of 
each  gas  fed  Into  the  mixer.  A  Douglas  bag  (12)  Is  connected  to  the  ap¬ 
paratus  as  an  auxiliary  capacity  for  cases  In  which  the  pulmonary  ven¬ 
tilation  exceeds  the  volume  of  gas  fed  Into  the  apparatus  from  the  bot¬ 
tles  (over  5  llters/mln).  The  mixing  chamber  of  the  apparatus  Is  con¬ 
nected  to  a  mask  or  "space  helmet"  (9)  via  the  hose  (8)  with  Its  sloo 
extension  (10).  The  gas  mixture  Is  ducted  through  the  side  pipe  to  a 
continuous -duty  "Oksltest"  gas  analyzer  to  permit  steady  monitoring  c.f 
the  oxygen  concentration  In  the  mixture.  The  side  pipe  Is  also  used  for 
periodic  sampling  for  control  analyses  of  the  carbon  dioxide  content  In 
the  mixture  In  a  Holden  apparatus  or  a  "GUKh-1"  Instrument.  Access  of 
atmospheric  air  to  the  lungs  was  cut  off  by  turning  a  three-way  petcock, 
and  the  animal  then  began  to  breathe  the  gas  mixture  under  Invest Iga- 
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tlon.  The  expired  air  passed  through  a  gasmeter  (5)#  so  that  It  was 
possible  to  measure  the  pulmonary  ventilation.  In  all  cases  the  gas 
mixture  was  breathed  for  3  minutes.  The  brain  oxygen  pressure  regis¬ 
tered  during  respiration  of  atmospheric  air  was  taken  as  lOOJ^. 

A  total  of  204  experiments  were  performed  on  10  dogs  with  Implant¬ 
ed  electrodes. 

RESULTS  OF  EXPERIMENTS 

Variation  of  In  brain  tissues  during  respiration  of  gas  mix¬ 
tures  with  various  oxygen  contents.  The  oxygen  partial  pressure  In  the 
tissues  of  the  brain  was  malntalneu  at  a  level  constant  for  each  exper¬ 
iment  In  the  majority  of  cases  In  which  atmospheric  air  was  breathed. 

It  Is  necessary  to  note,  however,  that  this  pOg  level  showed  periodic 
fluctuations  not  connected  with  the  pulse  or  respiration  rhythms:  the 
amplitude  of  the  fluctuations  scanetlmes  reached  8-10}^  of  the  average 
PO2  value,  while  the  frequency  varied  In  the  range  from  four  to  eight 
per  minute. 

Breathing  pure  oxygen  resulted  In  an  Increase  In  pOg  In  the  cortex 
and  subcortex,  on  the  average  by  a  factor  of  one  and  a  half  (see  table) 
As  a  rule,  the  rhythmical  fluctuations  of  PO2  In  these  experiments  In¬ 
creased  In  amplitude,  reaching  20-30^  of  the  Initial  level  In  some  cas¬ 
es  (Fig.  2). 

The  Increase  In  the  bra In -tissue  PO2  only  by  a  factor  of  one  and 
a  half  to  two  during  respiration  of  100^  oxygen,  when  the  partial  pres¬ 
sure  of  this  gas  In  the  alveolar  air  and,  consequently.  In  the  blood  as 
well.  Is  Increased  by  a  factor  of  approximately  6.5*  Indicates  that 
there  Is  no  direct  proportionality  under  these  conditions  between  the 
PO2  In  the  tissues  and  that  In  the  blood.  There  Is  Justification  for 
assuming  the  presence  of  a  direct  positive  correlation  'between  these 
Indices.  The  physiological  mechanism  of  this  relationship  requires 


0  Partial  Pressure  (pO^)  In  Brain  Tissues  During  Respiration  of  Varl- 
oSs  Gas  Mixtures 


Nuri 

imemM- 

mtt 

0>~M% 

3 

3 

Bwoni 
+  I0%00k 

Or-10% 

m 

0,-10%  1 

ft 

0,  -5  %  0,-»  % 
co,-5%'ro,-io% 

ll,-90  jllr^% 

o,-»% 

COr-i% 

0,-90% 

00,-10% 


^  B  KO^ 


5  flOi  •  %  (cpa- 

NM  BCMW* 

U)  .... 

c 

100 

165 

123 

159 

77 

92 

120 

48 

68 

82 

0 

XivliMaMw 

urn  fOf% 

— 

123-222 

96-157 

104-250 

50-92 

82-108 

100-157 

26-83 

a-88 

72-133 

vKonNccnd  la. 

'  MepcHiUI  .  . 

140 

IS 

14 

• 

14 

42 

8 

» 

10 

8 

9 

8  B  IKUUCOpM 

- . 

1 

2Xi  300 
126-600 1  145-750 
11  !  12 


pOi*  %  (cpM- 
^  ua)  ...  . 

.  lOC 

150 

127 

160 

58 

64 

109 

37 

45 

78 

I^Abcc  na^c- 
6  NMC  pOl  ■ 

125-200 

100-160 

105-204 

50-62 

40-^ 

94-125 

21-58 

30-60 

^  ■ 

KoanecTM 

rj  MOpUNt  .  . 

1 

64 

10 

6 

7 

5 

4 

4 

4 

3 

1 

209  ;  405 

i 

136-350 1  172  -  487 


1)  Gas  mixture;  2)  air  (Initial);  3)  air;  4)  In  cortex;  5)  PO2  In  ^ 

(average  value);  6)  extreme  values  of  pO^  In  7 )  number  of  measure¬ 
ments;  8)  In  subcortex. 

study.  At  the  moment,  however,  we  can  still  advance  the  hypothesis  that 
one  of  the  factors  preventing  a  directly  proportional  Increase  In  the 
brain -tissue  pO^  with  Increasing  pO^  In  the  blood  Is  the  spasm  of  the 
Intracranial  vessels  that  has  been  noted  by  many  authors  during  breath¬ 
ing  of  mixtures  with  high  O2  contents  (Lambertson,  I96O;  Vomek,  196I, 
and  others). 

It  must  be  noted  that  during  respiration  of  100^  oxygen,  the  pulse 
slackens  somewhat  and  the  pulmonary  ventilation  drops  noticeably  (by 
0.6-0. 8  llter/mln  from  an  Initial  ventilation  of  3  llters/mln);  there 
are  no  distinct  changes  In  other  Indicators.  A  drop  In  the  mixture's 
oxygen  content  to  10-55^  caused  a  consistent  drop  In  the  braln-tlssue 
PO2  “  down  to  77 -48$^  In  the  cortex  and  even  further  -  57-36^  -  In  the 
subcortex  (see  table  and  Fig.  2). 
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Pig.  2.  Oxygen  partial  pressure  In  cortex  of  brain  during  respiration 
of  pure  oxygen,  a  hypoxic  mixture  without  carbon  dioxide  and  a  hypoxic 
mixture  with  5  and  10%  of  carbon  dioxide  added  (experiment  No.  12  on 
17  June  1961,  dog  Omega).  A)  Air. 

It  Is  of  Interest  that  the  most  clear-cut  drop  In  the  subcortical 
pOg  was  also  observed  In  the  experiments  of  Ye. A.  Kovalenko  (I96I)  In 
"ascents"  by  an  animal  to  an  "altitude"  of  12,000  m  without  oxygen. 

On  respiration  of  a  hypoxic  mixture,  the  pOg  rhythm  was  suppressed 
to  some  degree.  Simultaneously  with  the  lowering  of  pOg  In  the  brain, 
hypoxic  mixtures  caused  a  quickening  of  the  pulse  (by  10-40  beats  per 
minute),  a  certain  quickening  of  respiration,  a  marked  Increase  in  pul¬ 
monary  ventilation  (by  1.5-2  llters/mln),  some  Increase  In  the  AD  [ar¬ 
terial  pressure],  an  Intensification  of  bioelectric  activity  in  the 
skeletal  muscles  and  the  appearance  of  high -amplitude  slow  oscillations 
on  the  EEQ.  In  occasional  cases,  respiration  of  an  oxygen-deficient 
mixture  (5%)  was  observed  to  be  accompanied  by  convulsions  and  even  ces¬ 
sation  of  breathing.  The  lowest  pOg  In  the  brain  tissues  were  regis¬ 
tered  here.  After  6-8  minutes  had  elapsed  since  respiration  was  switched 


to  atmospheric  air,  these  changes  In  the  physiological  Indicators  re¬ 
turned  to  their  normal  level. 

Variation  of  pO^  during  respiration  of  gas  mixtures  with  elevated 
CO^  content.  It  was  ascertained  In  subsequent  experiments  that  the  pO^ 
level  In  the  brain  tissues  Is  determined  not  only  by  the  oxygen  concen¬ 
tration  In  the  Inspired  air,  but  to  an  even  greater  degree  by  the  con¬ 
tent  of  carbon  dioxide  gas  In  the  latter. 

Thus,  addition  of  5-lOJ^  of  carbon  dioxide  gas  to  the  air  (at  the 
expense  of  the  nitrogen)  raised  the  pO^  to  123-158j^  In  the  cortex  and 
to  127-1605^  In  the  subcortex  (see  table  and  Fig.  3)*  The  rise  In  the 
brain  pOg  during  respiration  of  air  with  10^  of  carbon  dioxide  was  ap¬ 
proximately  the  same  as  for  respiration  of  pure  oxygen.  The  rhythm  of 
pOg  diminished  In  amplitude  with  Increasing  concentration  of  carbon  di¬ 
oxide  gas  In  the  mixture. 

The  changes  In  the  other  physiological  functions  during  these  ex¬ 
periments  can  be  reduced  to  the  following.  With  a  slight  decrease  In 
the  frequency  of  respiration,  the  depth  Increases  sharply,  with  the  re¬ 
sult  that  pulmonary  ventilation  Is  expanded  considerably  (by  a  factor 
of  three  or  four).  We  also  note  a  marked  rise  In  the  electrical  activi¬ 
ty  of  the  respiratory  muscles,  particularly  during  the  Inspiration 
phase;  the  AD  [arterial  pressure]  Increased.  During  respiration  of  the 
mixture,  the  pulse  frequency  was  close  to  normal,  and  sometimes  even 
subnormal.  During  the  first  minute  after  respiration  had  been  switched 
from  atmospheric  air,  a  sharp  quickening  of  the  pulse  was  noted  (by  20- 
40  beats  per  minute),  a  fact  apparently  reflecting  the  heart's  reaction 
to  the  drop  In  AD  after  the  carbon  dioxide  had  been  cut  off.  Under  the 
conditions  of  hypercapnia,  the  EEG  showed  slow  hlgh-amplltude  oscilla¬ 
tions  at  a  frequency  of  four  or  five  per  second,  these  forming  a  back¬ 
ground  for  still  more  frequent  oscillations.  These  EEG  changes  appar- 
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ently  reflect  the  appearance  of  the  narcotic  effect  of  hypercapnia. 

Analysis  of  the  facts  enumerated  here, 
aa  nell  as  literature  data  (P.N.  Al'bltskly,  | 
1911j  N.V.  Veselkin,  1. 1.  Golodov,  19^;  K. 

Ye.  Serebryannlk,  1946;  P.L.  Bukh,  1949; 

I.K.  Petrov,  1949;  M.  Lambertson,  I960; 

Kadrov  and  Naumenko,  1954;  V.A.  Skrlpln, 

I960;  Vanek,  196I;  N.V.  Sanotskaya,  196I) 
permit  us  to  advance  a  hypothesis  as  to  the 
factors  that  elevate  the  PO2  In  the  tissues 
of  the  brain  during  respiration  of  air  with 
a  high  COg  content.  Such  factors  may  In¬ 
clude:  Increased  pulmonary  ventilation, 
which  results  In  an  elevation  of  pOg  In  the 
alveolar  air  and  In  the  blood.  Increased 
blood  flow  In  the  vessels  of  the  brain,  a 
right  shift  of  the  oxyhemoglobin  dissocia¬ 
tion  curve  and,  finally,  a  drop  In  the  or¬ 
ganism's  oxygen  consumption. 

The  next  group  of  experiments  studied  the  variation  of  pOg  In  the 
tissues  of  the  brain  during  respiration  of  oxygen  with  5  and  lOJ^  of 
carbon  dioxide  added.  The  oxygen  partial  pressure  In  the  brain  rose  In 
these  cases  to  a  considerably  greater  degree  than  for  respiration  of 
100^  oxygen  alone,  averaging,  respectively,  232-300$^  In  the  cortex  and 
209-4055^  In  the  subcortex  (see  table  and  Pig.  3).  Our  attention  was 
drawn  to  the  fact  that  In  many  of  the  experiments,  pOg  rose  by  a  factor 
of  six  to  eight  In  the  brain.  All  of  this  attested  to  a  sharp  Increase 
In  the  oxygen  supply  to  the  tissues  of  the  brain  when  carbon  dioxide 
was  added  to  the  oxygen.  It  seems  to  us  that  these  data  are  of  great 


Fig.  3»  CDtygen  partial 
pressure  In  brain  cor¬ 
tex  on  addition  of  5 
and  10%  of  carbon  diox¬ 
ide  to  air  and  to  oxy¬ 
gen  (experiment  No.  12, 
on  17  July  1961,  dog 
On^ga).  A)  Air;  B)  off 
the  scale. 
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practical  Interest  for  clinical  medicine. 


Varlaticai  of  in  brain  tissues  during  respiration  of  hypoxic 
mixtures  with  carbon  dioxide  added  to  them.  As  we  have  already  indica¬ 
ted,  respiration  of  a  hypoxic  mixture  (30  oxygen)  causes  a  sharp  drop 
in  the  brain-tissue  pOg,  which  goes  down  to  485^  in  the  cortex  and  3^0 
in  the  subcortex.  When  30  of  carbon  dioxide  gas  is  added  to  this  mix¬ 
ture  (at  the  expense  of  the  nitrogen),  the  drop  in  pO^  was  distinctly 
smaller:  the  pressure  was  68^^  in  the  cortex  and  UU0  in  the  subcortex. 

An  even  higher  level  of  PO2  in  the  brain  tissues  could  be  maintained 
during  respiration  of  a  mixture  with  30  oxygen  by  adding  10^  of  carbon 
dioxide  to  it.  Here  the  oxygen  partial  pressure  came  to  820  in  the  cor¬ 
tex  and  7^0  in  the  subcortex  (Pig.  2). 

During  respiration  cf  a  mixture  with  10^  oxygen  and  10$^  carbon  di¬ 
oxide,  we  even  observed  an  Increase  in  the  pOg  above  its  initial  level, 
within  the  following  limits:  1205^  in  the  cortex  and  108^  in  the  subcor¬ 
tex.  These  data  indicate  that  the  addition  of  carbon  dioxide  to  the  in¬ 
spired  mixture  with  a  lowered  partial  oxygen  pressure  may,  under  cer¬ 
tain  conditions,  substantially  improve  the  oxygen  supply  to  the  tissues 
of  the  brain. 

The  Increase  in  the  brain-tissue  pO^  that  Intervenes  on  combined 
action  of  hypoxia  and  hypercapnia  cannot  be  accounted  for  in  terms  of 
the  increase  in  pulmonary  ventilation  (by  a  factor  of  five  or  six)  ob¬ 
served  in  these  experiments,  nrr  by  an  Increase  in  the  blood  supply  to 
the  brain,  since  when  there  is  a  sharp  drop  in  the  pOg  in  the  alveolar 
air,  both  of  these  factors  would  be  more  likely  to  result  in  deoxygena- 
tlon  of  the  brain  than  in  an  Increase  in  the  latter's  pO^*  Hence  it  is 
natural  to  assume  that  the  decisive  factors  in  maintaining  PO2  at  a 
sufficiently  high  level  under  these  conditions  was  a  drop  in  the  oxygen 
consumption  by  the  brain  cells.  The  EEG  data  provide  an  indirect  con- 
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f Inflation  of  this  In  indicating  a  decline  [sic]  of  the  hemoglobin  dis¬ 
sociation  curve  to  the  right,  as  was  also  reported  In  his  time  by  I. I. 
Holodov  (1946). 

Data  obtained  In  experiments  with  the  pO^  under  the  ccanblned  In¬ 
fluence  of  hypoxia  and  hypercapnia  permit  a  new  approach  to  the  solu¬ 
tion  of  the  question  as  to  the  role  of  carbogen  and  more  concrete  un¬ 
derstanding  of  the  physiological  Importance  of  carbon  dioxide  in  the 
oxygen  supply  to  the  brain  In  hypoxic  states  of  the  organism. 

CONCLUSIONS 

1.  The  oxygen  partial  pressure  In  the  tissues  of  the  brain  depends 

on  the  percentage  content  of  oxygen  in  the  Inspired  mixture.  As  the 

oxygen  concentration  In  the  mixture  is  increased  to  100$^,  the  PO2  In 

the  cortex  and  subcortex  rises,  on  the  average  by  a  factor  of  one  and  a 

half  to  two.  Simultaneously  with  this,  we  observe  a  marked  decrease  In 
pulmonary  ventilation.  No  distinct  changes  are  noted  in  other  Indica¬ 
tors. 

2.  When  the  oxygen  content  In  the  mixture  Is  lowered  to  10-55^,  the 
pOg  diminishes,  on  the  average,  to  77 of  the  Initial  value  In  the 
cortex  and  to  57-375^  in  the  subcortex.  Under  these  conditions,  we  ob¬ 
serve  distinct  hypoxic  changes  In  the  physiological  functions  under 
study. 

3.  A  gas  mixture  corresponding  In  oxygen  content  to  air  but  having 
an  elevated  carbon  dioxide  concentration  (5  and  10^)  produced  an  in¬ 
crease  In  the  pOg  of  the  cortex  and  subcortex  to  125-1605^,  respectively. 

An  even  greater  Increase  In  the  ^0^  of  the  brain,  reaching  25O- 
400jt,  Is  observed  during  respliution  of  a  mixture  consisting  of  95-90^ 
of  oxygen  and  5-105^  of  carbon  dioxide  (carbogen).  These  facts  Justify 
advancing  the  hypothesis  that  the  PO2  level  In  the  brain  depends  not 
only  on  the  partial  pressure  of  this  gas  In  the  alveolar  air,  but  also 


i,n  the  state  of  blood  circulation  In  the  brain,  changes  in  the  oxygen 
consumption  of  the  tissues  and,  probably,  on  shifts  in  the  oxyhemoglo¬ 
bin  dlssoclatlcMi  curve. 

4.  Addition  of  5-105^  of  carbon  dioxide  to  the  inspired  gaseous 
mixture  produced  a  sharp  increase  in  ulmonary  ventilation,  a  rise  In 
arterial  pressure,  an  Increase  In  the  frequency  and  amplitude  of  the 
abdwnlnal -muscle  EMG,  a  slackening  of  the  pulse  and  the  appearance  of  a 
theta  rhythm  in  the  EEG. 

5.  During  respiration  of  a  mixture  with  a  lowered  oxygen  content 
(10  and  3%)  but  with  5-105^  carbon  dioxide  added  to  it,  we  note  a  con¬ 
siderably  smaller  drop  In  the  PO2  of  the  brain  tissues  as  COTipared  with 
respiration  of  the  same  mixtures  without  the  carbon  dioxide  gas.  In  oc¬ 
casional  experiments,  the  oxygen  partial  pressure  in  the  brain  reached 
the  initial  level  or  even  surpassed  it  in  the  former  case.  Th'^se  facts 
permit  more  concrete  understanding  of  the  physiological  role  of  carbon 
dioxide  in  the  oxygen  supply  to  the  brain  tissues  in  hypoxic  states  of 
the  organism. 

Manu¬ 
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l64  A  detailed  description  of  the  technique  will  be  found  in  the 

paper  by  Ye. A.  Kovalenko  in  the  Journal  "Patol.  flzlol.  1 
eksperlm.  teraplya. "  [Pathological  Physiology  and  Experimen¬ 
tal  Therapy],  1961,  No.  2,  page  66. 


ENERGY  INDICES  TO  STATE  OP  CENTRAL  NERVOUS  SYSTEM  IN  HYPOXIA 

V.A.  Berezovskly 
(Kiev) 

An  opinion  coosnonly  encountered  In  physiological  literature  Is 
that  shutting  off  one  or  both  carotid  arteries  produces  no  distinct  hy¬ 
poxia  in  the  brain  (Andreyev,  1933;  Petrov,  19^9;  Karl 11  and  Grey sen, 
1956,  and  others).  Despite  its  high  sensitivity,  the  ele  .roplethysico- 
graphlc  method  also  indicates  the  absence  of  any  significant  changes  In 
the  blood  supply  to  the  brain  when  a  carotid  artery  Is  tied  off  (Kedrov 
and  Naumenko,  195^)*  At  the  same  time,  it  is  well  known  that  th  cen¬ 
tral  nervous  system  is  very  highly  sensitive  to  an  insufficiency  of 
oxygen,  a  drop  in  the  supply  of  which  results  in  disturbances  to  higher 
nervous  activity  (Slrotlnln,  193^;  Altukhov,  1955;  Zvorykin,  1953; 
Kuklln,  i960)  and  to  readjustment  of  the  metabolic  processes  in  the 
brain  (Kreps,  1958;  Shapot,  1952;  Gayevskaya,  1951,  and  others).  Hence, 
even  quite  apart  from  the  abundance  of  collaterals,  shutting  off  one  of 
the  arteries  cannot  but  produce  changes  on  the  part  of  the  nervous  tis¬ 
sue.  The  lack  of  information  concerning  these  changes  may  be  the  result 
of  Inadequate  sensitivity  of  the  methods  that  have  been  used  up  to  now 
(Chenykayeva,  1958). 

Geyerovskiy ‘s  development  (1922)  of  polarographlc  analysis  and  the 
possibility  of  applying  this  method  for  dynamic  determination  of  the 
oxygen  partial  pressure  in  the  brain  under  the  conditions  of  the  chron¬ 
ic  experiment  (Davy  et  al. ,  19^2-19^^;  Entlna  and  Yakovlev,  195^;  Meyer 
and  Deni-Braun,  1955;  Snezhko,  1956-1957;  Sanotskaya,  196O;  Mlzrani, 
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Beran,  Spredll  and  Garvud,  I960;  Kovalenko,  196I,  and  others)  have  con¬ 
siderably  broadened  our  capabilities  in  this  direction.  the  other 
hand,  the  development  of  semiconductor  physics  anc  the  creation  of  high¬ 
ly  sensitive  thermistors  make  It  possible  to  Investigate  with  high  ac¬ 
curacy  the  temperature  fluctuations  In  -ne  central  nervous  system  (Lud¬ 
wigs,  195^;  Karmanov,  1956;  Parolla,  1958) >  and  this  enables  us  to  draw 
Inferences  as  to  the  rates  of  metabolic  processes  In  the  tissues  (Vor¬ 
onin,  1942;  Qramenltskly,  1952;  Semenov,  1952;  Klossovskly,  195I-I96I; 
Berezina,  1954;  Berezovskly,  i960). 

The  ocygen  partial  pressure  In  the  brain  tissue  was  determined 
using  platinum  electrodes  mounted  In  threaded  organic -glass  plugs  6  mm 
in  diameter,  which  were  Implanted  In  the  brain.  The  surface  of  the 
electrode  was  coated  with  a  film  of  KhVL-21  [polyvinyl  chloride  lacquer] 
with  the  exception  of  the  free  face  end.  The  depth  of  Immersion  In  the 
brain  tissue  through  the  pinhole  In  the  dura  mater  did  not  exceed  2-3 
imn.  The  anode  was  a  silver-chloride  rectal  electrode  fashioned  In  the 
form  of  a  rod  or  olive.  A  steady  voltage  of  about  0.6  volt  from  a  high- 
capacity  storage  battery  was  employed.  The  voltage  drop  across  a  dis¬ 
sipative  load  of  the  order  of  2-3  kllohms  was  fed  to  the  input  of  an 
autcxnatlc  electronic  self-recording  potentlcraeter ,  thpe  EPP-09.  Prelim¬ 
inary  step-down  of  the  resistance  P^^^  In  the  measuring  bridge  of  the 
potentiometer  makes  It  possible  to  raise  Its  electrical  sensitivity  to 
15O-2OO  microvolts  per  scale  [division].  In  practice,  a  sensitivity  of 
1  microvolt  per  scale  [division]  (with  a  trace  width  of  28O  mm)  is 
quite  adequate.  The  possibility  of  shifting  the  Instrument's  null  by 
varying  the  resistance  P^  (2)  makes  It  possible  to  eliminate  the  cir¬ 
cuit  compensating  the  constant  component. 

Temperature  changes  were  determined  by  means  of  MT-54  semiconduc¬ 
tor  microthermistors,  which  were  Implanted  In  various  regions  of  the 
brain  down  to  contact  with  the  surface  of  the  cortex.  The  thermistor 
was  connected  Into  an  arm  of  the  direct-current  bridge  with  a  power  of 
up  to  30  |iv  dissipated  In  It  (Karmanov,  1956).  The  Imbalance  current 
was  applied  to  the  Input  of  an  EPP-09  multichannel  automatic -recorder 
potentiometer.  The  temperature  sensitivity  of  the  apparatus  runs  up  to 
0.002  mm  (Berezovskly,  I960,  1961).  The  experiments  were  performed  on 
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dogs  under  the  condltiCTis  of  the  acute  and  chronic  cxperlmente. 

The  data  obtained  Indicated  that  shutting  off  any  of  the  four  main 
arteries  of  the  neck  results  In  a  manifest  reaction  on  the  part  of  thf 
brain  tissue.  A  few  seconds  after  the  artery  has  been  clamped,  a  drop 
in  the  oxygen  partial  pressure  level  begins  In  the  tissue  and  Its  tem¬ 
perature  begins  to  rise  (Fig.  la). 

Clamping  one  carotid  artery  for  3  niln  results  In  a  more  strongly 
manifest  drop  In  the  oxygen  partial  pressure  In  the  brain  as  compared 
with  tying  off  one  vertebral  artery  for  the  same  period  of  time.  Even 
sharper  changes  are  observed  when  two  arteries  are  clamped  simultane¬ 
ously.  The  amount  by  which  the  temperature  rises  also  increases  corres¬ 
pondingly  (Figs.  Ic  and  2). 

Changes  of  a  similar  nature  -  a  drop  In  the  oxygen  partial  pres¬ 
sure  and  an  elevation  of  brain  temperature  -  are  observed  In  various 
disturbances  that  lead  to  oxygen  Insufficiency  In  the  central  nervous 
system:  Inspiration  of  gaseous  nitrogen  for  1-3  min,  mechanlal  asphyx¬ 
ia,  Injection  of  a  sodium  nitrite  solution  Into  the  blood,  blood-let¬ 
ting  or  ligation  of  the  four  arteries  of  the  n^^ck.  Such  manipulations, 
which  produce  gross  disturbances  In  the  oxygen  supply  to  the  brain,  re¬ 
sult  In  a  catastrophic  rise  in  the  temperature  of  the  brain  while  the 
temperature  of  the  arterial  blood  going  to  it  remains  relatively  stable. 
While  ligature  of  one  neck  artery  causes  a  temperature  rise  of  the  or¬ 
der  of  0.08-0.15*^  C,  which  returns  to  the  Initial  level  Immediately  af¬ 
ter  blood  flow  In  It  has  been  restored,  mechanical  asphyxia  or  subtotal 
blood-letting  raises  the  temperature  of  the  brain  by  1-1.5^  C,  a  level 
maintained  for  10-30  min  and  longer,  depending  on  the  nature  and  sev¬ 
erity  of  the  disturbance  (Fig.  3)- 

Measurement  of  the  temperature  of  the  blood  draining  frorr.  the 
brain  Indicated  that  during  gross  disturbances  to  the  brain's  oxygen 
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Fig.  1.  Changes  In  oxygen  partial  pressure  and  temperature  In  the  brain 
cortex  of  a  dog  on  ligature  of  carotid  arteries  under  the  conditions  of 
the  acute  experiment  (morphine  narcosis):  a)  Changes  Intervening  after 
right  COTunon  carotid  arterv  had  been  tied  off  for  three  minutes:  l) 
Oxygen  partial  pressure;  2)  temperature  of  brain  cortex.  The  duration  of 
ligature  Is  Indicated  by  the  heavy  horizontal  line.  Vertical  division 
Is  50  sec  [sic];  b)  changes  Intervening  after  left  common  carotid  ar¬ 
tery  had  been  tied  off.  Same  nc«nenclature;  c)  changes  Intervening  on 
simultaneous  ligature  of  both  carotid  arteries  for  three  minutes.  Same 
nomenclature.  A)  50  sec. 

supply,  a  temperature  Increase  occurs  In  the  venous  blood.  While  the 
venous  blood  In  the  Jugular  vein  has  a  temperature  lower  than  that  of 
the  arterial  blood  In  the  common  carotid  artery  under  normal  conditions, 
the  temperature  of  the  draining  blood  during  asphyxia  may  exceed  that 
of  the  arterial  blood  by  an  appreciable  margin. 

The  rise  In  the  tempei’ature  of  the  brain  when  the  blood  supply  to 
It  Is  Interfered  with  has  been  noted  by  numerous  Investigators  (Voronin, 
19^2;  Semenov,  1952;  Gramenitskiy ,  1952;  Parolla,  1958>  and  others). 
However,  the  two  latter  authors  regard  the  temperature  rise  in  the 
brain  during  hypoxia  as  a  consequence  of  dilation  of  the  blood  vessels 
In  the  brain  and  an  amplified  blood  supply  to  It. 
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The  data  that  we  obtained,  which  attest  to  a  In  the  terripe fu¬ 

ture  of  the  venous  blood  draining  from  the  brain  during  its  hypoxic 
state,  unquestionably  Indicate  participation.  In  this  case,  of  the 
brain's  own  heat  production,  which  rises  sharply  during  o/.yg.n  starva¬ 
tion. 

As  we  know,  anemlzat Ion  of  the  brain 
Is  characterized  by  transitory  dlffus-_  ex¬ 
citation  (Petrov,  19^9;  Shapot  and  Gromova, 
195^;  Duan-Hau-Shen,  1959^  and  others). 
Shutting  off  only  the  anterior  arteries  of 
the  brain  In  a  dog  disturbs  Internal  Inhib¬ 
ition  and  Increases  the  motor  activity  of 
the  animal  (Kosmarskaya,  1947;  Kukllna, 

1957). 

Biochemical  studies  affirm  that  during 
hypoxia,  there  Is  an  Increase  In  the  oxygen 
consumption  of  the  brain  (Marshak,  Ardash- 
nlkova,  Aronova,  Blinova,  Voll,  1948;  Kom- 
Isarenko  et  al.,  1954;  Gayevskaya,  1954,  and  others),  the  amount  of 
ammonia  formed  Increases  (Gerard  and  Meyerhof,  1927;  Richter  and  Dau- 
son,  1948;  Pertseva,  1958).  Simultaneously,  the  ATF  [adenosine  tri¬ 
phosphate]  level  drops  sharply  (Kurokhtlna,  Malklman,  Parf^'nova,  I95O), 
with  the  degree  of  the  effect  depending  on  the  Intensity  of  the  Initial 
excitation.  Thus,  the  excitation  of  the  central  nervous  system  in  hy¬ 
poxia  under  ordlnaxy  environmental  temperature  conditions  may  result  in 
the  disappearance  of  ATF;  on  the  other  hand,  hypoxia  induced  against  a 
background  of  preliminary  inhibition  of  the  central  nervous  system's 
functions  In  hyperthermy  produces  less  distinct  changes  In  the  ATF  con¬ 
tent  of  the  brain  tissue  (Gayevskaya  and  Nosova,  i960). 


Fig.  2.  Changes  In  oxy¬ 
gen  partial  pressure  In 
cortex  of  dog  brain  on 
ligature  of  two  carotid 
arteries  under  the  con¬ 
ditions  of  the  chronic 
experiment.  The  arrow 
designates  tne  moment 
at  which  ligation  was 
performed;  segment  1  Is 
Its  duration.  The  ver¬ 
tical  division  Is  50  sec 
[sic  ] . 


Excitation  of  the  specific  activity  of 
any  organ  Is  accompanied,  by  virtue  of  the 
3ecc*id  law  of  thermodynamics,  by  an  In¬ 
crease  In  Its  heat  production  (Hill,  1921; 
Marshak,  19^;  Putilln,  1953;  Slonlm,  1952; 
Al’pern  and  Arlozorov,  19^0;  Trlncher, 
i960,  and  others).  This  Increase  in  heat 
production  takes  place  In  proportion  to  the 
Increase  In  the  rate  of  the  metabolic  reac¬ 
tions,  thus  creating  an  opportunity  for  dy¬ 
namic  monitoring  of  the  level  of  the  energy - 
producing  processes  In  the  tissue  under  In¬ 
vestigation  (Meyerhof,  1926;  Tauson,  1950). 

It  may  be  assumed  that  as  an  Irritat¬ 
ing  factor,  hypoxia  (Frol'kls,  1958)  re¬ 
sults  In  diffuse  excitation  of  the  nervous  structures  with  a  sharp  In¬ 
crease  In  the  rate  of  the  exothermic  reactions  In  which  high-energy 
compounds  are  deccxnposed,  manifesting  In  an  Increased  level  of  heat 
production  by  the  brain. 

It  Is  possible  that  the  degree  to  which  the  temperature  of  the 
brain  rises,  which  Is  proportional,  within  certain  limits,  to  the  de¬ 
gree  of  oxygen  starvation,  may  be  used  as  an  Index  to  the  degree  of  hy¬ 
poxic  excitation  of  the  central  nervous  system.  The  sensitivity  of  this 
Index  Is  confirmed  even  for  such  a  disturbance  as  ligature  of  one  of 
the  arteries  of  the  neck,  an  Intervention  that  may  produce  only  minor, 
transitory  circulatory  disturbances  that  Impair  the  oxygen  supply  to 
the  tissues  of  the  brain. 

The  drop  In  oxygen  partial  pressure  that  Is  noted  when  one  of  the 
arteries  of  the  neck  Is  temporarily  tied  off  may  arise  either  as  a  re- 
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Fig.  3*  Changes  In  tem¬ 
perature  of  cortex  of 
dog  brain  under  the  con- 
dltlofis  of  acute  experi¬ 
ment  with  disturbances 
to  blood  circulation  In 
the  vessels  of  the  neck. 

1)  Ligature  of  one  caro¬ 
tid  artery  for  1  minute; 

2)  ligature  of  one  caro¬ 
tid  artery  for  2  min;  3) 
ligature  of  one  carotid 
artery  for  3  min;  4)  one 
carotid  artery  tied  off. 
Same  nomenclature.  Ver¬ 
tical  pressure  45  sec 
[sic]. 


suit  of  circulatory  insufficiency  or  as  a  result  of  the  brain's  In¬ 
crease  in  oxygen  consumption  as  an  effect  of  the  hypoxic  excitation. 
lt>e  fact  that  the  oxygen  partial  pressure  gradually  returns  to  normal 
when  one  of  the  arteries  Is  clamped  for  5-15  min  speaks  in  favor  of  the 
first  hypothesis.  This,  however,  does  not  exclude  the  second  hypothesis 
Tying  off  two  carotid  or  vertebral  arteries  causes  more  prolonged  dis¬ 
turbances  to  the  oxygen  content  in  the  tissues,  disturbances  that  may 
be  in  evidence  for  several  tens  of  minutes  to  several  hours. 

The  return  of  the  temperature  to  the  initial  level  usually  lags 
behind  the  recovery  of  oxygen  partial  pressure.  We  frequently  observe  a 
phase  in  which  the  oxygen  content  has  reached  the  Initial  level,  while 
the  temperature  has  only  begun  to  fall  back,  lagging  behind  by  several 
minutes.  It  is  possible  that  the  brain  tissue's  intrinsic  heat  capacity 
plays  a  certain  role  in  this  effect.  However,  the  longer  delay  periods 
that  are  observed  In  occasional  cases  permit  the  assumption  that  the 
"metabolic  tall,"  l.e. ,  the  retention  of  the  stressed  metabolic-process 
level  for  a  certain  time  after  the  hypoxic  disturbance,  plays  the  lead¬ 
ing  role  in  this  phenomenon;  this  would  also  account  for  the  retention 
of  an  elevated  brain  temperature  at  a  time  when  the  oxygen  partial  pres 
sure  in  the  tissue  has  returned  to  its  initial  value. 

There  is  no  doubt  that  in  the  Intact  organism,  hypoxia  produces 
simultaneous  changes  in  the  activity  of  many  systems.  Including  the 
circulatory  compensatory  reactions.  It  is  an  unquestionable  fact  that 
there  is  an  Increase  in  the  rate  of  blood  supply  to  the  brain  and  a 
dilation  of  tlie  brain's  bloo<i  vessels.  However,  as  has  been  shown  by 
data  from  measurements  of  oxygen  partial  pressure  in  the  tissue,  these 
mechanisms  prove  Inadequate  when  the  arteries  of  the  neck  are  shut  off, 
30  that  the  oxygen  partial  pressure  in  the  brain  is  found  to  have  been 
depressed  inmied  lately  following  the  Intervent  loti.  It  would  appear  that 


this  initial  hypoxia  ia  the  cause  of  excitation  of  nervous  elenents  and 
the  phenomena  attending  the  excitation. . 

As  was  shown  by  experiments  performed  earlier  (Beresovskiy^  1961 )« 
the  temperature  of  the  dog  brain  under  an  intact  skull  is  higher  than 
the  temperature  of  the  arterial  blood  in  the  common  carotid  artery.  The 
same  temperature  relationship  was  reported  earlier  by  Faytel'berg  and 
Lampl*  (1933)«  Semenov  (1932)  and  others.  C3n  the  basis  of  this  rela- 
tionship^  an  increase  in  the  blood  supply  to  the  brain  can  lead  only  to 
an  intensification  of  its  cooling.  The  rise  in  temperature «  which  is 
observed  both  during  transitory  hypoxia  with  the  arteries  of  the  neck 
tied  off  and  in  asphyxia  of  the  brain  when  blood  circulation  has 
stopped  completely,  must  apparently  be  connected  to  decomposition  of 
high-energy  compounds  with  liberation  of  large  quantities  of  energy. 
CONCLUSIONS 

1.  Temporary  ligation  of  one  of  the  four  main  arteries  of  the  neck 
in  the  dog  produces  a  drop  in  oxygen  partial  pressure  and  a  rise  in 
temperature  in  the  brain  tissue. 

2.  The  state  of  diffuse  excitation  that  arises  during  hypoxia  of 
the  central  nervous  system  is  accompanied  by  an  increase  in  heat  pro¬ 
duction  on  the  part  of  the  brain. 
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INFLUENCE  OP  ASPHYXIA  ON  THE  ELECTROCORTICAL  EFFECTS 

CF  ACETYLCHOLINE 
Ye. A.  Markova 
(Ternopol ' ) 

S  Piate  of  asphyxia  develops  In  many  pat*  ological  processes;  hence 
the  study  of  Its  Influence  on  the  functional  state  of  the  organism's 
systems  pcralstently  attracts  the  attention  of  researchers. 

According  to  our  earlier  investigations  (1959)  and  literature  data 
(Litvin,  1959)#  asphyxia  lowers  the  sensitivity  of  the  cardiovascular 
system  to  small  doses  of  acetylcholine. 

As  we  know,  injection  of  acetylcholine  into  the  carotid  artery  on 
the  way  to  the  brain  causes  a  diffuse  desynchronization  of  the  brain's 
potentials  (Moruzzl  and  Hart,  1950;  Rinal'dl  and  Khlm/lch,  1955;  Longo, 

1955),  resembling  excitation  of  the  ascending  reticular  system. 

In  the  present  Investigation,  we  have  made  it  our  task  to  study 
the  Influence  of  asphyxia  on  the  electrocortlcal  effects  of  acetylcho¬ 
line.  The  work  was  done  with  Prof.  F.N.  Serkov  as  scientific  consultant. 
METHOD 

Experiments  were  performed  20  rabbits  without  narcosis.  Asphyxia 
was  Induced  by  connecting  a  rubber  bag  containing  4  liters  of  air  to  a 
tube  Inserted  Into  the  trachea.  On  the  development  of  terminal  respira¬ 
tion,  the  bag  was  disconnected  and,  if  necessary  to  restore  the  func¬ 
tions,  artificial  respiration  was  applied. 

The  biocurrents  we.  e  tapped  by  a  bipolar  arrangement  from  the  cor-  \ 
tex  of  the  brain.  Platinum  electrodes  mounted  in  threaded  plexiglass 
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pl’igs  were  used  for  this  purpose.  Such  an  electro*1c  would  be  secured 
tightly  In  a  trephined  opening  made  In  the  parley,?!  region  of  the  skull. 
As  a  rulSj  the  dura  mater  was  not  damaged.  The  biocurrents  were  tapped 
from  one  hemisphere  and.  In  some  experiments,  concurrently  fran  both. 
Tne  EKc3  recording  was  made  with  a  l6-channel  Ink-writer  oscillograph 
of  the  "Kayzer”  system.  The  acetylcholine  was  Injected  Into  the  common 
carotid  artery  on  Its  way  to  the  brain  In  a  dose  of  2-10  y. 

RESULTS  OF  EXPERIMENTS 

In  accordance  with  the  data  of  other  Investigators  (Rlnal'dl  and 
Khlmvlch,  1955) >  we  observed  a  distinctly  manifest  desynchrbnlzatlon 
reaction  In  our  experiments  on  Intracarotid  Injection  of  2-10  y  of 
acetylcholl^ne  Into  Intact  rabbits  (Pig.  la). 
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Pig.  1.  Changes  in  electrocortlcal  effects  of  acetylcholine  during  as- 
phyxla.  a)  Before  asphyxia:  b)  1  min  after  onset  of  asphyxia;  c)  3  min 
after  onset  of  asphyxia;  d)  30  sec  after  withdrawal  of  asphyxia  Induc¬ 
tion;  e)  2  min  after  asphyxia;  f)  10  min  after  asphyxia.  The  solid  line 
Indicates  the  time  of  Injection  of  the  acetylcholine.  1)  100  p.v;  2) 

1  sec. 


The  asphyxia  Itself  caused  desynchronization  of  the  cortical  rhy¬ 
thms,  which  was  manifest  to  different  degrees  at  different  times  during 
the  development  of  asphyxia.  During  Initial  stage  of  asphyxia,  when 
the  despBohronlzatlon  that  It  produces  Is  not  yet  in  evidence,  the 
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electrocortlcal  effect  of  acetylcholine  occupies  a  somewhat  shorter- 
time  interval  (Fig.  lb). 

With  increasing  intensity  of  the  asphyxial  state  against  a  back¬ 
ground  of  some  desynchronlcatlon  of  the  cortical  activity,  the  admin¬ 
istration  of  acetylcholine  intersified  the  desy'-' ihronizatlon,  but  thl  i 
effect  was  not  pronounced  (Pig.  Ic). 

In  the  deep  stages  of  asphyxia,  when  the  EKoG  showed  slow  ,.voten- 
tlal  oscillations,  the  electrocortlcal  reaction  to  acetylcholine  had 
disappeared  or  was  manifest  even  more  weakly  (Fig.  2c)- 
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Fig.  2.  Changes  in  electrocortlcal  effects  of  acetylcholine  during  as¬ 
phyxia.  a)  Before  asphyxia;  b)  1  min  after  the  onset  of  asphyxia;  c)  7 
min  after  onset  of  asphyxia;  d)  3  min  after  asphyxia.  1)  100  uv;  2)  1 

sec. 
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Fig.  3*  Changes  in  electrocortlcal  effects  of  acetylcholine  during  as¬ 
phyxia.  a)  Before  asphyxia:  b)  4  min  after  onset  of  asphyxia;  c)  9  min 
after  onset  of  asphyxia:  d)  1  min  after  asphyxia;  e)  6  min  after  ter¬ 
mination  of  asphyxia,  l)  100  uv;  2)  1  sec. 


At  certain  stages  in  asphyxia,  when  the  desynchronization  of  cor¬ 
tical  activity  produced  by  the  asphyxia  was  already  quite  strongly  In 
evidence,  the  Injection  of  acetylcholine  produced.  Instead  of  an  ag¬ 
gravation  of  the  desynchronization,  an  outburst  of  synchronized  poten¬ 
tials  of  considerable  amplitude,  with  a  rhytha.  of  4-6  per  second  (Pig. 
3c'. 

The  disappearance  of  the  electrocortlcal  reaction  tc  acetylcholine 
In  asphyxia  is  a  reversible  phenomenon,  since  after  the  situation  In¬ 
ducing  the  asphyxia  has  been  withdrawn,  while  the  EKoG  gradually  re¬ 
turned  the  Initial  Indices,  the  reaction  to  acetylcholine  reappeared. 

At  first.  It  was  brief  and  weakly  manifest  (Fig.  1,  d  and  e),  but  then 
It  returned  to  the  same  level  as  In  the  Initial  state  (Fig.  Ig  [sic]). 

It  should  be  noted  that,  not  only  In  asphyxia,  but  also  during  the 
process  of  functional  restoration  after  It  has  been  withdrawn,  the  In¬ 
jection  of  acetylcholine  against  a  background  of  the  desynchronization 
of  cortical  activity  caused  by  the  asphyxia  frequently  produced  an 
electrocortlcal  reaction  In  the  fonn  of  an  outburst  of  synchronized 
high -amplitude  slow -rhythm  potentials  (Fig.  2d). 

In  our  Investigations,  therefore,  we  were  able  to  confirm  the  fact 
that  ^’^synchronization  of  the  cortical  electrical  activity  arises  In 
response  to  Intracarotid  Injectlcxi  of  small  doses  of  acetylcholine. 

Irrespective  of  the  mechanism  by  which  this  electrocortlcal  reac¬ 
tion  arises,  l.e.,  regardless  of  whether  It  Is  a  result  of  disturbance 

> 

to  the  choline -reactive  systems  of  the  reticular  formation,  as  was  as¬ 
sumed  by  Rlnal'di  and  Khlmvlch  (1955)  or,  on  the  contrary,  a  result  of 
Irritation  of  receptors  In  the  vessels.  Its  realization  Is  Interfered 
with  during  asphyxia. 

The  cause  of  this  disturbance  may  be  either  oxygen  Insufficiency 
or  an  excess  of  carbon  dioxide.  It  Is  known  that  hypercapnia  In  Itself 
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I’f-sults  In  fxcitatlcn  of  the  reticular  formation  and  desynchronization 
of  cortical  activity  (Gell’gorn,  1953)*  The  desynchronlzl  frffcct  of 
acetylcholine  Is  probably  Impeded  against  this  back’rouno.  It  Is  tru^ 
that  In  our  experiments,  the  desynchronization  reaction  was  suppressed 
on  Injection  of  acetylcholine  when  the  content  of  carbon  dioxide  In  the 
Inspired  air  had  not  reached  high  concentrations.  Consequently,  it 
would  seem  that  oxygen  shortage  rathe*^  than  excessive  carbon  dioxide 
was  the  factor  ;uppresslng  this  reaction. 

The  disturbances  to  the  electrocortlcal  effects  of  acetylcholine 
In  asphyxia  are  reversible  irr  nature.  During  restoration  of  the  func¬ 
tions,  the  changes  In  the  electrocortlcal  effects  of  acetylchcllne  de¬ 
velop  In  a  sequence  that  Is  the  reverse  of  what  we  observe  during  as¬ 
phyxia. 

Cases  In  which  outbursts  of  synchronized  potentials  instead  cf  de- 
synchrontzatlcn  of  the  cortical  activity  appear  In  response  to  .the  ad¬ 
ministration  of  acetylcholine  require  special  analysis.  Similar  poten¬ 
tial  outbursts  were  observed  by  P.N.  rkov  (1955)  and  N.V.  Bratus' 
(1956)  in  the  anterior  divisions  of  the  brain  in  response  to  irrita¬ 
tion  of  Interoceptors ,  and  by  V.V.  Russev  (1959)  In  response  to  sensory 
stimuli  against  a  background  of  bromide  effects. 

The  explanation  for  this  fact  lo  more  probably  to  be  sought  in  the 
doctrine  of  N.Ye.  Vvedenskiy,  according  to  which  the  same  stl-aulus  pro¬ 
duces  different  reactions  depending  on  tlie  functional  state  of  the  cen¬ 
tral  nervous  system. 

CONCLUSICa^S 

1.  The  development  of  asphyxia  causes  a  progressive  r-  vorslble  dis¬ 
appearance  of  the  electrocortlcal  effects  of  acetylcholine.  During  the 
process  of  restoration  of  the  functions,  they  return  to  the  Initial 


state. 


2.  Against  a  background  of  cortical -activity  desynchronization 
during  asphyxia  and  subsequent  restoration  of  functions,  an  outburst  of 
synchronized  potentials  of  considerable  amplitude  and  slow  rhythm  Is 
frequently  observed  during  Intracarotid  Injection  of  acetylcholine. 
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INFLUENCE  OF  ANOXIA  ON  THE  PHYSICAL  ELECTROTONUS  OF 


SMOOTH  MUSCLE 
M.F.  Shuba 
(Kiev ) 

The  appearance  of  physical  electron  [sic]  (FE)  in  excitable  tis¬ 
sues  is  governed  by  oolarlzatlon  of  the  protoplasmic  membran  under  the 
influence  of  a  constant  electric  current.  Here  the  excitability  of  the 
tissue  in  the  region  of  the  physical  cath-and  anelectron  [sic]  under¬ 
goes  changes.  However,  as  the  literature  data  indicate  (D.S.  Vorontsov, 
"Obshchaya  elektrof izlologlya, "  [General  electrophysiology],  I96I),  FE 
is  also  easily  produced  on  appropriate  physical  models.  Hence  the  ques¬ 
tion  arlues  as  to  whether  the  formation  of  the  FE  in  the  excited  tis¬ 
sues  is  due  chiefly  to  purely  physicochemical  processes  in  th^^  proto¬ 
plasmic  membrane  or,  to  the  contrary,  to  metabolic  processes.  To  clari¬ 
fy  this  question,  we  made  an  investigation  of  the  influence  of  anoxia 
and  potassium  cyanide  on  the  FE  of  smooth  muscle. 

We  selected  smooth  muscle  as  the  object  of  investigation  because, 
as  we  know,  metabolism  in  this  tissue  Is  depressed  ly  comparison  with 
othe  tissues.  Moreover,  as  our  Investigations  showed,  the  FE  of  smooth 
muscle  differs  sharply  from  the  FE  of,  for  example,  nerve  or  stria ten 
muscle. 

METHOD 

The  object  of  investigation  was  the  smooth  sphincter  muscle  uf  the 
frog  stomach.  Having  been  excised  from  the  body  of  the  frog,  the  sto¬ 
mach  was  cut  along  its  minor  curvature  and  the  mucous  membrane  removed, 


after  which  a  strip  of  the  circular  muscle  fibers  was  cut  out  of  Its 
anterior  part.  In  some  experiments ^  the  serous  lining  was  also  removed 
from  the  muscle  strip.  Then  the  muscle  strip  with  the  polarizing  and 
lead  electrodes  applied  to  It  was  mounted  under  slight  tension  In  a 
humid,  hermetically  sealed  chamber.  Observation  began  three  or  four 
hours  after  the  muscle  had  been  placed  In  the  chamber.  The  polarizing 
current  was  taken  from  a  bank  of  storage  batteries  through  a  potentio¬ 
meter.  The  polarizing  and  lead  electrodes  were  chlorinated  silver  wires, 
which  were  placed  In  glass  cannulas  with  Ringer's  solution.  The  end  of 
the  cannula  In  contact  with  the  muscle  was  wrapped  tightly  In  cotton 
moistened  In  Ringer's  solution.  The  distance  between  the  polarizing 
electrodes  was  7-10  mm,  that  between  the  near  polarizing  electrod:  and 
the  proximal  lead  electrode  was  1-2  mm,  and  that  between  the  leads  was 
15-25  mm. 

Anoxic  conditions  were  set  up  In  the  chamber  by  passing  pure  ni¬ 
trogen  through  It.  Before  entering  the  chamber,  the  nitrogen  was  puri¬ 
fied  of  Og  and  COg  Impurities  by  passing  It  through  two  successive  py- 
rogallol  tanks.  The  pyrogallol  was  dissolved  In  caustic  potash.  To  In¬ 
crease  the  area  of  contact  between  the  gas  and  the  absorbent.  It  was 
deliquesced  with  agate  filters  (No.  2). 

Potassium  cyanide  (KCN)  was  used  as  a  cell -respiration  Inhibitor. 

So  that  the  potassium  concentration  In  the  Ringer's  solution  would  not 
increase  when  the  KCN  was  added  to  It,  we  prepared  a  Ringer's  solution 
In  which  the  KCl  was  replaced  by  a  corresponding  quantity  of  KCN.  Mix¬ 
ing  this  solution  In  various  proportions  with  the  normal  Ringer's  solu¬ 
tion,  we  produced  the  desired  KCN  concentration  in  the  solution.  Since 
KCN  decomposes  quite  rapidly  In  solution.  Its  concentration  diminishes 
progressively.  For  this  reason,  a  freen  KCN  solution  was  prepared  for 
each  Individual  experiment. 


RESin.TS  OF  EXPERIMENTS 


As  we  know,  hydrocyanic  acid  and  its  salts  are  specific  inhibitors 
of  enzymes  with  a  metallic  prosthetic  group.  These  subs  -ances  block  the 
respiratory  enzyme  cytochromoxidase,  with  the  result  that  the  tissue 
loses  its  ability  to  reduce  oxygen  and  oxygen  starvation  sets  in.  In 
our  experiments,  the  potassium  cyanide  concentration  ranged  from  1  to 
2.5  niM.  In  the  experiment  whose  results  are  shown  in  Fig.  1,  KCN  con¬ 
centration  was  2.5  fflM.  The  polarizing  current  was  near  the  threshold  at 
3  m3.  When  the  muscle  was  treated  with  KCN  at  the  end  of  the  ascenalng 
part  of  the  cathelectrotonlc  potential  (KEP)  there  arose  a  well-defined 
negative  local  potential  (Fig.  la). 


Even  at  the  10th  minute  of  KCN  treat - 
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Fig.  1.  Influence  of 
KCN  on  PE.  a)  Normali¬ 
ty;  b,  c,  d,  e.  f,  g) 
after  10,  30,  45,  60, 

120  and  125  minutes  of 
treatment  with  KCN,  res¬ 
pectively;  h,  1)  after 
60  and  120  minutes, 
respectively,  had 
elapsed  since  rinsing 
off  of  KCN.  A)  1  mv; 

B)  4  sec. 


ment  of  the  muscle,  the  amplitude  of  the 
KEP  and  that  of  the  negative  local  poten¬ 
tial  that  appears  on  it  had  diminished 
markedly  (Fig.  lb).  Subsequently,  as  the 
KCN  continued  to  act  on  the  muscle,  the  KEP 
amplitude  gradually  dropped  to  zero,  and 
the  local  potential  no  longer  appeared  on 
it  (Fig.  1,  c-f).  Nor  was  subsequent  ap¬ 
plication  of  a  considerably  higher  polariz¬ 
ing  current  (15  m3 )  accompanied  by  the  ap¬ 
pearance  of  an  electrotonic  potential  (Fig. 
Ig).  The  small,  fast  deflection  of  the 
curve  on  the  electrogram  under  considera¬ 
tion  is  not  connected  with  physiological 


processes  taking  p  ice  in  the  protoplasmic  membrane.  This  so-called 


fast  part  of  the  electrotonic  potential  arises  under  certain  conditions 


even  on  killed  muscle,  and  even  when  the  resistance  of  the  solution 
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surrounding  the  muscle  Is  Increased. 


The  above -described  changes  In  the  KEP  were 

found  to  be  reversible,  since  the  amplitude  of  the 

electronic  potential  was  gradually  restored  (Fig. 

1,  h,  1)  after  the  KCN  had  been  rinsed  from  the 

muscle.  The  amplitude  of  the  anelectrotonlc  poten- 

Flg.  2.  Influen^  diminishes  when  the  muscle  is 

of  nitrogen  in  FE:  '  ' 

afte?™0^and  1§0°^  treated  with  KCN  (Fig.  1,  a-g).  Here,  at  the  60^ 
minutes, urespectlve-  particularly  at  the  12^  [sic]  minute  of 

with  KCN,  the  amplitude  and  shape  of  the 
ASP  and  KEP  show  virtually  no  differences  (Pig.  1, 
d  and  e).  After  the  muscle  had  been  washed  with  a  normal  Ringer's  solu¬ 
tion  without  KCN,  the  amplitude  of  the  AEF  gradually  recovered  (Pig.  1, 
h  and  l),  although  even  during  the  second  hour,  it  was  still  below  the 
level  prevailing  before  KCN  treatment.  Thus,  suppression  of  cell  res¬ 
piration  by  potassium  cyanide  results  in  a  decrease  in  the  FE.  The  ex¬ 
tent  of  the  PE  decrease  depends  on  the  concentration  of  the  inhibitor. 

In  connection  with  the  FE  decline  under  treatment  with  KCN,  it  was 
felt  worthwhile  to  trace  the  influence  of  muscular  anoxia  on  it.  The 
results  of  one  of  these  experiments  are  given  in  Fig.  2. 

In  this  experiment,  the  level  of  the  polarizing  current  was  near 
the  threshold  at  5  iia*  As  a  result,  a  small  but  rather  persistent  nega¬ 
tivity  appears  at  the  end  of  the  ascending  part  of  the  KEP  under  normal 
conditions  (Fig.  2a).  At  the  120th  minute  of  passage  of  pure  nitrogen 
through  the  humid  chamber,  the  KEP  amplitude  dropped  markedly,  and  the 
appearance  of  the  negative -going  local  potential  is  delayed  (Fig.  2b). 
Subsequently,  as  passage  of  nitrogen  through  the  chamber  continued,  the 
amplitude  of  the  KEP  became  smaller  and  smaller,  and  had  finally 
dropped  to  zero  by  the  end  of  the  third  hour  (Fig.  2c).  Subsequent  pas- 


cage  of  pure  oxygen  through  the  chamber  resulted  In  a  rather  rapid  n  - 
covery  of  KEP  amplitude  (Fig.  2d).  As  111  be  seen  from  this  figure, 
the  AEP  amplitude  also  diminishes  gradually  to  zero  as  an  effect  of 
anoxia  (FJg.  2,  a-c).  This  Is  accompanied  by  a  decrease  In  the  rise 
time  of  the  AEP  amplitude  (Fig.  2b).  Subsequent  passage  of  pure  oxygen 
through  the  chamber  resulted  In  recovery  of  the  AEP  (Fig.  2d).  It 
should  be  noted  that  If  there  was  a  small  oxygen  impurity  In  the  nitro¬ 
gen  used,  the  amplitude  of  the  cathelectrotonlc  and  anelectrotonl  po¬ 
tentials  did  net  decrease  under  these  conditions. 

The  amplitude  of  the  electronic  potential  depends,  other  condi¬ 
tions  the  same,  on  the  permeability  state  of  the  protoplasmic  membrane. 
The  higher  this  permeability,  the  smaller  will  be  the  number  of  ions 
repelled  by  the  cathode  and  anode  of  the  polarizing  current  that  will 
be  detained  on  the  surface  of  the  membrane.  Accordingly,  the  amplitudes 
of  the  cathelectrotonlc  ard  anelectrotonlc  potentials  will  also  be  re¬ 
duced.  On  this  basis.  It  should  be  assumed  that  the  FE  decrease  taking 
placa,  as  described  above,  under  the  Influence  of  KCN  or  anoxia  is  due 
to  an  Increase  in  the  permeability  of  the  membrane  of  the  smooth-muscle 
cells  to  ions. 

From  this  it  follows  that  the  permeability  of  the  protoplasmic 
membrane  and,  consequ'-^ntiy ,  also  the  formation  of  the  FE,  do  not  repre¬ 
sent  a  purely  physicochemical  phenomenon,  but  a  phenomenon  Intimately 
related  to  metabolism,.  In  this  connection,  we  note  that  Frezer  and 
Keyns  (1959)  link  the  increase  of,  for  example,  the  Na  content  in  stri¬ 
ated  muscle  fibers  under  the  Influence  of  KCH  not  so  much  with  sup¬ 
pression  of  active  secretion  of  Na  from  the  fibers  as  with  an  Increase 
In  its  intake  as  a  result  of  Increased  permeability  of  the  protoplasmic 
membrane. 

As  concerns  the  recovery  of  the  FE  under  oxygen  treatment,  however. 


I 


It  l8  governed  by  a  decrease  In  the  ionic  permeability  of  the  membrane 
of  the  smooth-muscle  fiber. 
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ON  THE  POTENTIAL  ADAPTIVE -COMPENSATORY  FUNCTIONS  OF  THE  ORGANISM 


% 


IN  HYPOXIA 
I.M.  Kyazen 
(Moscow) 

An  enormous  number  of  investigations  have  been  devoted  to  th- 
problem  of  adaptation  and  acclimatization  to  hypoxia  (M.P.  Brestkln,  Z. 

I.  Barbashova,  G.Ye.  Vladimirov,  M.Ye.  Marshak,  N.N.  Sirotinin,  V.V. 
Strel'tsov,  L.A.  Orbell,  D.Ye.  Rosenblyum,  I.P.  Rasenkov,  Dzh.  Barkroft, 

Ye.  Van-Lip,  Dzh.  Kholden  and  others),  but  nevertheless  many  of  Its  as¬ 
pects,  In  particular  questions  as  to  the  limits  of  adaptation  and  ways 
to  Increase  the  potential  compensatory  capacities  of  the  organism,  re¬ 
main  as  yet  to  a  significant  degree  unresolved. 

From  the  standpoint  of  general  biology,  the  problem  of  the  organ¬ 
ism's  protective  functions  Is  so  pressing  that  tne  entire  XVI  Session 
of  the  Academy  of  Medlcan  Sciences  of  the  USSR  was  devoted  to  Its  con¬ 
sideration  (P.K.  Anokhin,  N.V.  Davydovskiy,  V.V.  Parin,  I.R.  Petrov, 

V.N.  Chernigovskiy  and  others). 

In  the  present  article,  we  set  forth,  in  generalized  form,  the  da¬ 
ta  that  we  have  accumulated  fran  study  of  the  limits  of  adaptation, 
stability  and  endurance  of  the  animal  and  human  organism  to  oxygen  in¬ 
sufficiency  under  the  conditions  of  flight,  residence  in  the  altitude 
chamber  and  residence  at  mountain  altitudes. 

Under  the  conditions  of  flight,  and  especially  In  modern  superson¬ 
ic  high -altitude  aircraft,  the  flight  crew  Is  frequently  under  condl-  ^ 

tlons  of  high  emotional  stress,  a  result  of  the  special  nature  and  com- 

-  194  - 


plexlty  of  the  tasks  to  be  performed  within  extremely  short  time  Inter¬ 
vals.  Emotional  stress,  which  Itself  Is  accompanied  by  a  sharp  Increase 
In  respiratory  and  pulse  frequencies,  may.  In  some  cases,  give  rise  to 
secondary  hj'poxlc  manlfestatlcxis  as  a  result  of  hyperventilation,  ^tiese 
manifestations  may  occur  under  the  Influence  of  acceleration  and  other 
extreme  stimuli. 

To  evaluate  the  functional  state  of  the  organism  In  hypoxia.  It  Is 
Important  to  observe  not  only  the  reactions  of  Its  Individual  systems, 
but  also  to  study  Its  ability  to  perfonn  work. 

In  setting  up  an  Investigation  whose  primary  objective  Is  to  as¬ 
certain  the  role  of  the  nervous  and  humoral  mechanisms  that  regulate 
and  ccmpensate  the  organism’s  functions  under  the  Influence  of  hypoxia, 
and  to  determine  the  relationships  that  develop  here  between  the  var¬ 
ious  regulatory  systems  In  the  Intact  organism.  It  would  appear  most 
prcxnlslng  to  proceed  from  the  propositions  of  I.P.  Pavlov,  who  demon¬ 
strated  that  the  Importance  of  nervous  and  humoral  regulatory  links  Is 
not  the  same  for  different  organs  and  systems. 

Accordingly,  we  employed  the  neuroglandular  apparatus  of  the  gas¬ 
trointestinal  tract  as  the  Indicator  object  In  a  study  of  general-phy¬ 
siological  phenomenon. 

It  has  been  established  In  experiments  on  both  animals  and  humans 
that  oxygen  starvation  first  affects  the  neural  triggering  mechanisms 
regulating  the  secretory  functions  of  the  digestive  glands.  Consequent¬ 
ly,  the  more  directly  the  performance  of  the  glands  Is  monitored  by  the 
central  nervous  system,  the  more  rapidly  and  strongly  will  the  hypoxic 
changes  be  manifested  and  the  more  rapidly  will  the  secretory  distur¬ 
bances  recover  to  their  Initial  level.  Hiose  secretory  functions  that 
also  depend  to  a  considerable  degree  on  the  humoral  regulation  raeohan- 
Isms,  and  particularly  those  In  whose  regulation  local  Intramural  In- 
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nervation  machinery  participates,  are  distinguished  by  relatively  hlgt 
stability. 

Under  the  Influence  of  oxygen  Insufficiency,  the  digestive  glands 
react,  as  a  rule,  by  cutting  back  their  secretion,  although  the  "alti¬ 
tude  threshold"  established  for  dogs  under  altitude-chamber  conditions 
Is  different  for  each  gland.  Thus,  It  Is  3500-4000  m  for  the  salivary 
glands,  8000  m  for  the  Intestinal  glands  and  6OOO  m  for  the  bile -form¬ 
ing  function.  The  thresholds  of  changes  In  enzyme  activities  are  also 
different:  4000-5000  m  for  enzymes  of  the  digestive  group,  3500-4000  m 
for  carbonic  anhydrase  and  dlamlnoxldase,  80OO  m  for  succindehydrase 
and  10,000  m  for  cytochrome oxidase.  Varying  degrees  of  sensitivity  are 
noted  even  within  a  given  organ  In  an  Intact  functional  system:  the 
secretory  function  of  the  glands  In  the  floor  and  body  of  the  stomach 
Is  Inhibited  at  an  altitude  of  the  order  of  4500  m,  v/hlle  the  secretory 
function  of  the  pyloric  glands  is  not  disturbed  even  at  an  altitude  of 
8000  m.  These  "altitudes  thresholds"  by  no  means  exclude  the  possibil¬ 
ity  that  even  lower  altitudes  may  also  have  a  certain  effect  on  the 
functional  state  of  the  glands  on  longer  exposures. 

The  consistent  variations  that  have  been  established  with  respect 
to  the  salivary,  gastric.  Intestinal  and  other  glands  provide  a  certain 
conception  of  the  correlation  conditions  between  the  Individual  func¬ 
tions  of  the  Intact  organism.  In  oxygen  starvation.  Our  attention  Is 
first  drawn  to  the  shifts  In  the  relationships  between  the  secretion  of 
juices  and  enzymes  on  the  one  hand  and  the  excretion  of  salts,  acids, 
protein  bases,  urea,  uric  acid,  sugar  and  other  components  on  the  other 
hand.  w;Tlle  the  appearance  of  amylase  In  the  saliva  of  dogs  under  the 
conditions  of  oxygen  Insufficiency  reflects  the  adaptotrophlc  Influence 
of  the  sympathetic  nervous  system.  Intensified  secretion  of  Incomplete¬ 
ly  oxidized  and  other  metabolism  products  with  the  Juices  attests  to  a 
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compensatory  role  of  the  glands  In  the  regulation  of  acid -base  equil¬ 
ibrium  with  retention  of  the  organism’s  other  constants.  For  example, 
a  rise  in  the  activity  of  carbonic  anhydrase  In  the  blood  and  a  drop  In 
Its  activity  In  the  salivary  gland  with  a  simultaneous  decrease  In  the 
secretion  of  hydrochloric  acid  correspond  to  an  adequate  level  of  ex¬ 
change  of  HCO^  and  Cl  Ions  In  the  erythrocyte  and  In  the  gland  cell  as 
a  result  of  adaptive  readjustment  of  the  entire  complex  respiration 
process. 

Klgh-altltude  ascents  for  training  purposes  tend  to  smooth  the 
above  disturbances  both  during  the  actual  sojourn  under  hypoxic  ccfidl- 
tlons  and  In  the  aftereffect.  The  shorter  the  aftereffect,  the  more  re¬ 
liable  Is  our  Judgement  as  to  the  limits  and  level  of  the  homeostatic 
reactions. 

Residence  at  mountain  altitudes  (2000-4000  m)  Is  responsible  for 
an  Increase  In  the  organism’s  stability  against  subsequent  (after  2.5- 
3  months)  effects  of  considerably  greater  degrees  of  atmospheric  rare¬ 
faction  (6000-8000  m)  under  the  conditions  of  the  altitude  chamber. 
However,  as  the  number  of  such  "trips  up"  Increases,  a  limit  appears, 
above  which  changes  In  the  functional  state  of  the  glandular  apparatus 
represent  a  kind  of  signal  Indicating  the  breakdown  of  the  acclimatiza¬ 
tion  that  h^i  been  acquired.  The  Investigations  were  expanded  In  view 
of  the  unquestionable  practical  Importance  of  this  fact. 

The  special-purpose  experiments  performed  at  the  time  by  the  par¬ 
ticipants  In  the  El ’brus  expedition  are  hlgily  Illustrative  In  this 
respect.  Experimental  subject  M.  (female)  had.  In  the  preceding  two 
years,  done  systematic  work  In  the  altitude  chamber  at  various  alti¬ 
tudes  and  participated  twice  In  expeditions  to  El ’brus.  In  establishing 
the  general  condition  of  as  an  Initial  background,  our  atte^itlon  was 
drawn  to  hype rsa 11 vat Ion  quite  far  beyond  normal  limits.  This  function- 
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al  manifestation  had  not  been  observed  before.  On  the  move  frcrn  Terskul 
to  the  Eleventh  Priyup  [shelter],  at  an  altitude  of  3700  m,  the  typical 
picture  of  altitude  sickness  emerged.  After  a  few  hours  of  rest,  M. 
felt  better,  and  her  general  condition  was  satisfactory  thereafter  dur¬ 
ing  the  sojourn  at  the  4200-m  altitude  under  a  strict  regimen.  The  high 
level  of  salivation,  which  exceeded  the  initial  rate  by  a  factor  of 
1.5-2.5^  was  characteristic  for  the  entire  two  months  sojourn  in  the 
mountains.  There  was  no  doubt  that  the  peculiar  nature  of  the  changes 
in  the  secretory  process,  which  is  regulated  basically  only  by  complex- 
reflex  nervous  mechanisms,  was  connected  with  the  generally  uncomfor¬ 
table  state  of  the  test  individual.  Three  months  after  the  return  from 
the  expedition,  in  the  very  first  test  in  the  altitude  chamber  at  an 
"altitude"  of  3700  m,  the  same  altitude -sickness  symptoms  were  observed. 
This  state  passed  rapidly  on  "descent"  to  2200  m  and  was  repeated  con¬ 
sistently  in  subsequent  "trips  up." 

In  experiments  that  the  author  performed  on  himself,  the  symptoms 
of  oxygen  insufficiency  were  observed  at  an  altitude  of  4800  m  against 
a  background  of  normal  ability  to  work  and  a  feeling  of  general  well¬ 
being..  Together  with  the  complete  disappearance  of  hydrochloric  acid 
from  the  gastric  Juice,  It  was  noted  that  the  musculature  maintained 
the  abdominal  prelum.  These  phenomena  were  quite  persistent,  arid  were 
observed  at  various  high  altitudes,  after  the  descent  from  "Pastukhov’s 
Shelter"  and  on  the  lowland.  Only  after  20  days  was  it  possible  to  note 
subsidence  of  the  symptoms,  followed  by  their  disappearance.  In  these 
self -observations,  the  altitude  of  4250  m  was  the  threshold,  and  a  fur¬ 
ther  increase  in  altitude  by  550  m,  which  Involved  physical  exertion  on 
the  move,  resulted  in  certain  disturbances  to  the  general  state  of  the 
organism.  Their  precursors  were  sharp  disturbances  in  the  content  of 
free  hydrochloric  acid  at  altitudes  of  2200  and  4250  m.  In  experiments 
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performed  after  three  months  of  rest,  no  abnormalities  whatsoever  in 
^  the  state  of  health  were  observed  during  a  four -to -five -hour  exposure 
under  the  conditions  of  the  altitude  chamber  at  an  "altitude"  of  4800  m, 
nor  after  flights  lasting  five  to  six  hours. 

In  the  general  schedule  of  work  done  at  I.P.  Rasenkov's  laboratory 
(Yu.M.  Lazovskiy,  N.V.  Malkiman,  V.M.  Rubel’,  M.M.  Khazen,  S.I.  Pilip- 
povich  and  others),  a  great  deal  of  attention  was  also  devoted  to 
structural-morphological  changes  in  the  glands.  It  wes  established  that 
animals  kept  at  an  "altitude"  of  8000  m  for  four  to  six  hours  the  first 
effects  were  observed  in  the  mucous  membrane  of  the  body  and  the  floor 
of  the  stomach.  Stereotyped  repetition  of  the  "ascents"  (every  one  or 
■^wo  days,  total  number  of  "trips  up"  ranging  from  3  to  63)  led  to  in¬ 
creased  injury  to  the  structural  elements.  Almost  continuous  necrobio¬ 
sis  of  the  investing  epithelium  and  necrosis  of  occasional  small  arter¬ 
ies  were  observed;  principal  and  accessory  cells  were  transformed  into 
an  indifferent -type  epithelium,  the  number  of  parietal  cells  decreased 
sharply,  and  so  forth.  However,  beginning  at  about  the  15th  "ascent," 
regeneration  phenomena  began  to  come  into  evidence,  reversing  the  de¬ 
velopment  until  those  acute  changes  that  had  accumulated  during  the 
preceding  disturbances  had  vanished  completely  (Yu.M.  Lazovskiy,  1941). 

Major  fundamental  importance  should  be  attributed  to  the  facts 
given  above,  since  they  attest  to  the  presence  of  potential,  long  un¬ 
suspected  adaptive -compensatory  resources  of  the  organism.  It  may  be 
concluded  that  in  the  general  system  of  digestive  glands,  the  region 
of  the  base  and  body  of  the  stomach  acquires  a  special  regulatory  im¬ 
portance  under  the  conditions  of  hypoxia,  and  the  next  thing  that  oc¬ 
curs  to  us  is  its  endocrine  role  in  the  processes  of  hematogenesls. 

)  ?  Analysis  of  the  literature  data  indicates  that  In  prolonged  hypox¬ 


ia,  the  first  observed  stage  of  degenerative  exhaustion  of  the  adrenal 
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cortex  Is  supplanted  by  a  stage  In  which  it  recovers  fully  (L.L.  Lang- 
leyj  19^2;  G.  Soyer,  1950;  Dzh.  Stlkney  and  Ye.  Van-Llr,  1953)-  Since 
the  structural  changes  in  the  glands  of  the  body  and  floor  of  the  sto- 
raach  coincide  In  time  (from  2  to  12  weeks)  with  the  structural  changes 
In  the  adrenal  cortex  and  are  obviously  governed  by  the  same  factors, 
it  is  natural  to  assume  that  the  work  of  these  organs  is  coordim  ted. 

We  established  a  link  between  the  secretory  activity  of  the  gas¬ 
tric  glands  and  the  activity  of  the  hypophyseal -adrenal  system  In  ac¬ 
celeration  experiments  on  animals  and  humans  (I.M.  Khazen,  P.M.  Suvorov, 
I.L.  Vaysfel’d,  A.S.  Barer,  1957,  1958,  1959,  196l).  It  was  shown  in 
these  experiments  that,  as  in  hypoxia,  the  rate  of  restoration  of  the 
disturbed  secretory  functions  of  the  gastrointestinal  tract  takes  place 
more  slowly  and  in  a  different  manner  than  that  of  the  respiratory  and 
circulatory  functions.  Thus,  under  certain  specific  experimental  condi¬ 
tions,  the  shifts  in  the  bioelectric  activity  of  the  brain  and  heart 
had  been  adjusted  by  the  3rd  minute,  while  a  long  aftereffect  running 
to  several  hours  was  characteristic  for  the  gastric  glands.  For  prog¬ 
nosis  and  judgement  of  the  course  of  adaptation,  therefore,  lo  is  ne¬ 
cessary  to  take  into  account  all  aftereffect  reactions  on  the  part  of 
those  functional  systems  that  provide  a  certain  conception  of  the  cor¬ 
relation  between  the  functions  of  the  Intact  organism  that  arises  under 
the  influence  of  a  given  irritant. 

As  concerns  the  question  as  to  the  "limit  of  resistance"  to  hypox¬ 
ia,  we  cannot  but  acknowledge  its  highly  relative  signification.  The 
stability  limits  can  be  broadened  considerably  by  taking  rigorous  ac¬ 
count  of  the  cnaracterlstlcs  of  the  stimulus  and  the  initial  functional 
state  of  the  organism.  The  latter,  however,  is  determined  by  the  state 
of  the  neural  and  humoral  regulatory  systems  and  by  all  the  peculiari¬ 
ties  of  metabolic  processes.  The  morphological  readjustments  described 
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above,  which  reflect  general  compensation  and  repair  phenomena,  also 
speak  In  favor  of  an  Increase  In  the  capabilities  of  the  organism  to 
adapt  to  hypoxia.  These  statements  explicitly  broaden  the  content  of 
the  "adaptation  energy"  concept  Introduced  by  Q.  Sel’ye  In  his  stress 
theory. 

It  follows  from  all  of  the  above  that  the  tactics  of  prophylactic 
Intervention  must  be  defined  In  terms  of  measures  that  make  It  possible 
to  prevent  exhaustion  of  the  neural  and  humoral  regulatory  mechanisms 
and,  first  and  foremost,  the  mechanisms  of  the  higher  divisions  of  the 
central  nervous  system.  Normalization  of  metabolic  processes,  and  there 
with  stabilization  of  the  organism's  constants  by  use  of  carbohydrates 
and  various  pharmaceutical  agents  has  long  been  within  the  range  of  at¬ 
tention  of  numerous  scientists. 

We  established  the  high  effectiveness  cf  a  preferentially  carbo¬ 
hydrate  diet  with  an  adequate  specific  content  of  proteins  and  other 
nutrients  In  It  during  the  period  In  which  the  animals  were  being  ac¬ 
climatized  on  El 'brus  (altitudes  2000-4200  m).  As  compared  with  those 
on  an  ordinary  mixed  diet,  these  animals  were  subsequently  (after  2.5- 
3  months)  found  to  be  considerably  more  resistant  In  the  altitude -cham¬ 
ber  test  to  "altitudes"  of  the  order  of  8000  m  In  a  six-hour  exposure, 
and  also  In  a  flight  lasting  five  hours  at  an  altitude  of  3300-4880  m. 

The  resistance  of  the  animals  also  Increases  under  the  Influence 
of  a  purposive  schedule  of  vitamin  administration.  Among  the  ten  water- 
soluble  vitamins  tested  In  our  laboratory,  thiamine,  citrine,  ascorbic 
and  paraamlnobenzolc  acids  were  found  most  effective  (F.P.  Kosmolln- 
skly ). 

The  effectiveness  of  the  vitamins  as  factors  elevating  the  organ¬ 
isms  's  resistance  to  hypoxia  by  activating  tissue  enzymes  and  Increas¬ 
ing  the  activity  of  the  pituitary -adrenal  system  was  Judged  on  the  ba- 
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sl£  of  the  general  condition  of  the  animals,  their  conditioned-reflex 
activity,  changes  in  the  "altitude  ceiling,"  and  the  extent  of  the  mor¬ 
phological  disturbances. 

On  the  basis  of  the  observed  importance  of  neurohumoral  mechanisms 
in  the  regulation  of  enzyme  activities,  we  made  an  attempt  to  Improve 
the  resistance  of  the  organism  to  hypoxia  by  application  of  ultrahigh- 
frequency  currents.  In  designing  these  experiments,  we  proceeded  from 
the  peculiarities  of  the  biological  effects  of  ultrahigh-frequency  cur¬ 
rents,  and.  In  particular,  from  their  property  of  significantly  enhanc¬ 
ing  autocatalytlc  processes.  Animals  that  had  first  been  Irradiated 
with  UVCh  showed  distinct  resistance  in  tests  in  the  altitude  chamber 
at  an  "altitude"  of  8000  m,  with  a  four-hour  exposure  period.  No  sub¬ 
stantial  abnormalities  in  the  general  functional  state  of  the  animals 
were  observed,  nor  were  the  secretory  processes  of  the  digestive  gjands 
disturbed. 

It  is  clearly  evident  on  the  basis  of  this  example  in  which  the 
activity  of  the  digestive  glands  was  studied  during  the  operation  of 
extreme  irritants  that  the  better  we  recognize  the  qualitative  laws 
governing  adaptive -compensatory  processes,  the  better  will  be  our  ways 
and  means  for  increasing  the  organism’s  stability  to  hypoxia.  The  prob¬ 
lem  under  investigation  is  of  unquestionable  Interest  not  only  for  avi¬ 
ation  and  space  medicine,  but  also  for  the  physiology  of  work  and  ath¬ 
letics. 
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[Transliterated  Symbol] 

TBM  —  UVCh  =  ul 'travysokochastotnyy  =  ultrahigh-frequoncy 
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ON  THE  ADAPTATION  OP  THE  MATURE  ORGANISM  TO  OXYGEN  INSUFFICIENCY 
AND  THE  IMPORTANCE  OF  THE  HIGHER  DIVISIONS  OF  THE  BRAIN  IN 

THIS  PROCESS 

N.V.  La'  er,  A.Z.  Kolchlnskaya  and  V.V.  Turanov 

(Kiev) 

Despite  the  fact  that  the  reaction  of  the  mature  organism  to  oxy¬ 
gen  Insufficiency  In  the  surrounding  air  has  been  studied  quite  thor¬ 
oughly  and  usually  serves  as  the  standard  with  which  hypoxic  states  In 
other  age  periods  are  compared,  the  mechanisms  by  which  the  mature  or¬ 
ganism  adapts  to  hypoxia  Ixive  not  been  studied  adequately  at  this  time. 

The  literature  has  accumulated  a  great  deal  of  Information  on 
short-term  or  long-term  effects  of  oxygen  Insufficiency  on  Individual 
organs  and  systems  of  the  mature  organism  -  the  organs  of  respiration, 
blood  circulation,  hematogenesls,  and  others  that  participate  In  sup¬ 
plying  the  tissues  with  oxygen.  However,  most  of  these  data  were  ob¬ 
tained  from  study  of  one  or  another  function  In  Isolation.  Obtained  un¬ 
der  varying  sets  of  conditions  and  on  different  objects,  they  are  not 
grown  to  the  requirements  of  contemporary  physiology,  since  the  activ¬ 
ity  of  Individual  adaptive  mechanisms  In  the  process  of  adaptation  to 
hypoxia  In  the  intact  organism  are  so  Intertwined  that  this  process  can 
be  understood  only  as  a  result  of  study  of  the  reciprocal  effects  of 
some  functions  and  systems  on  others, 

Suudy  of  the  coordination  and  regulation  of  the  adaptive -^nechanlsm 
activity  Is  one  of  the  foremost  problems  In  volved  in  nypoxlc  states. 

It  Is  therefore  natural  that  to  understand  the  development  of  the  adap- 
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tive  mechanisms  in  ontogenesis.  It  is  necessary  to  acknovjledge  the  grea 
importance  of  study  of  the  part  taken  by  the  central  nervous  system  in 
the  mature  organism's  adaptation  to  hypoxia.  In  the  early  stages  of  in¬ 
dividual  development,  the  genesis  and  intervention  of  the  functions  of 
the  central  nervous  system  and,  in  the  later  stages  of  ontogenesis,  its 
readjustment,  cannot  but  effect  changes  in  the  organism's  response  to 
disturbances  of  the  external  medium. 

All  of  the  above  considerations  formed  the  bases  of  a  research 
program  into  the  age -connected  peculiarities  of  the  organism's  reaction 
to  oxygen  Insufficiency  that  was  carried  out  in  the  Age  Physiology  Lab¬ 
oratory  of  the  A. A.  Bogcanolets  Physiology  Institute  of  the  Academy  of 
Sciences  Ukrainian  SSR  (see  also  the  works  of  N.V.  Lauer;  A.Z.  Kolchln- 
skayaj  V.Y.  Turanov;  N.V.  Lauer,  M.M.  Koganovskaya ,  O.R.  Kostenko,  M. S. 
Bondarevskly ;  M.M.  Seredenko;  Yu.V.  Semenov  in  the  present  collection). 

An  attempt  at  simultaneous  study  of  the  activities  of  the  various 
adaptive  mechanisms  concerned  with  the  oxygen  supply  to  the  tissues  was 
undertaken;  particular  attention  was  given  here  to  ascertaining  parti¬ 
cipation  of  higher  divisions  of  the  brain  in  these  reactions. 

A  great  amount  of  experimental  material  that  has  been  collected  in 
the  USSR  and  abroad  leaves  no  doubt  as  to  the  participation  of  the  cere 
bral  cortex  in  regulation  of  the  vegetative  functions  at  normal  atmos¬ 
pheric  pressure.  While  not  yet  available  in  large  volume,  data  obtained 
in  study  of  the  role  of  the  higher  divisions  of  the  oialn  in  the  organ¬ 
ism's  reactions  to  oxygen  insufficiency  tend  to  confirm  these  general 
propositions . 

It  has  been  shown  by  many  investigators  that  the  level  of  'evelop- 
ment  of  the  nervous  system,  the  functional  state  of  the  higher  divi¬ 
sions  of  the  brain  or  their  anatomic  or  physiological  intervention  have 
a  marked  effect  on  the  organism's  resistance  to  oxygen  insufficiency 


(Slrotlnln,  Petrov,  Qubler,  Machlnskaya,  Lauer,  Lauer  and  Kolchlnskaya ) c 

In  the  present  communication  we  report  data  obtained  In  an  experi¬ 
mental  study  of  the  significance  of  the  brain  cortex  In  forming  the 
adaptive  reactions  of  the  mature  organism  to  oxygen  Insufficiency.  In 
these  researches,  an  attempt  nas  been  made  to  evaluate  the  mutual  re¬ 
lationships  between  the  adaptive  functional  systems  In  the  same  group 
of  normal  animals,  and  to  study  their  activity  Ir.  hypoxia  after  these 
same  animals  had  been  surgically  or  pharmaceutically  decorticated. 

METHOD 

The  work  was  performed  on  full-grown  dogs  that  had  undergone  pro¬ 
longed  training  under  the  conditions  of  normal  oxygen  partial  pressure 
for  performance  of  an  acute  hypoxia  experiment  without  use  of  narcosis. 

The  extemal-resplratlon  Indices  were  studied:  frequency,  respira¬ 
tion-  and  per-4nlnute  respiratory  volumes  (DO  and  MOD,  respectively), 
and  alveolar  ventilation.  The  frequency  of  respiration,  the  DO  and  the 
MOD  were  registered  on  a  spirograph.  The  hemoc^namlc  Indicators  were 
recorded;  the  pulse  frequency  on  an  electrocardiograph  and  by  means  of 
a  membrane  manometer  (on  kymograph  tape);  the  blood  pressure  was  meas¬ 
ured  In  the  femoral  artery  with  a  Ludwig  manometer.  In  the  course  of 
the  experiment,  the  saturation  of  the  arterial  and  venous  blood  with 
oxygen  was  determined  using  a  cuvette  oxyhemoraeter ,  and  the  oxygen  con¬ 
tent  of  blood  taken  from  the  femoral  arteries  and  vein  was  found  by  the 
Van  Slyke  manometer  method. 

The  erythrocyte  count  and  hemoglobin  content  and  the  hematocrit 
Indicators  were  determined.  The  oxygen  consumed  by  the  animal  during 
the  experiment  was  registered  on  the  spirograph.  The  oxygen  require¬ 
ments  before  and  after  the  experiment  were  also  determined  by  the  Dou¬ 
glas  -Holden  method. 

The  experiments  were  performed  under  the  conditions  of  acute  hypox- 
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la.  In  some  of  the  experiments,  hypoxia  was  Induced  by  rarlfylng  the 
air  in  a  large-volume,  well -ventilated  altitude  chamber  (’’ascent"  at  a 
rate  of  10  m/sec  with  3-3  minute  "plateaus"  at  "altitudes"  of  3,  5,  7» 
8,  9,  and  10  thousand  meters).  In  other  experiments,  the  animals 
breathed  a  gas  mixture  produced  in  the  spirograph  with  progressively 
diminishing  oxygen  content.  Carbon  dioxide  was  absorbed  by  special  ab¬ 
sorbers.  During  the  course  of  the  experiment,  the  content  of  oxygen  in 
the  inspired  mixture  was  determined  systematically. 

Special  investigations  were  conducted  under  the  conditions  of  the 
high  mountains  during  an  expedition  to  El 'brus  with  short  sojourns  In 
the  mountains  ranging  upward  from  2-3  days. 

After  thorough  study  of  the  Indices  enumerated  above  at  normal 
oxygen  content,  and  then  under  the  conditions  of  hypoxia,  we  conducted 
analogous  Investigations  on  the  same  animals  but  In  a  state  of  anes¬ 
thetized  sleep,  which  was  induced  by  administration  of  the  minimal  sap- 
oriflc  doses  of  chloral  hydrate  (150  mg/kg)  and  chloralose  (45-70  mg/ 
/kg).  Subsequently  these  same  dogs  were  surgically  decorticated,  first 
by  one  hemisphere  and  then,  after  a  few  months,  by  the  other.  The  reac¬ 
tions  of  the  dogs  to  oxygen  insufficiency  were  investigated  repeatedly 
after  each  of  these  operations. 

The  experiments  performed  indicated  that  the  external  respiratory 
function  began  to  intensify  very  early  in  the  normal  dogs  as  the  oxygen 
partial  pressure  in  the  inspired  air  was  lowered  (Table  1). 

In  the  altitude  chamber  experiments,  pulmonary  ventilation  began 
to  Increase  at  an  altitude  of  1  thousand  m  in  8  out  of  10  dogs,  and  in 
the  other  2  dogs  at  an  altitude  of  2  thousand  m.  The  maximum  Increase 
In  pulmonary  ventilation  was  reached  at  "altitudes"  of  7,  8  and  9  thou¬ 
sand  m,  and  more  severe  degrees  of  hypoxia  produced  a  lowering  of  the 
MOD.  In  these  same  10  dogs,  the  first  signs  of  an  increase  in  pulmonary 


ventilation  were  registered  In  the  experiments  with  hypoxic  mixtures 
when  the  oxygen  content  In  the  mixture  had  dropped  to  20$^  In  2  dogs, 
to  19^  In  6  dogs,  to  185^  In  2  dogs  and  to  l6^  In  one  dog. 

Analysis  of  the  quantitative  external  respiration  Indices  (Fig.  l) 
Indicates  that  the  Increase  in  pulmonary  ventilation  observed  In  normal 
mature  animals  at  slight  and  moderate  degrees  of  oxygen  Insufficiency 
takes  place  primarily  through  an  Increase  In  depth  rather  than  an  In¬ 
crease  In  the  frequency  of  respiration.  The  frequency  of  respiration 
also  rose  at  high  altitudes.  Respiration  quickened  to  a  somewhat  great¬ 
er  degree  In  hypoxia  In  the  females  than  In  the  males,  and  at  lower  al¬ 
titudes  (17.5-16^  of  oxygen,  as  compared  to  15-10.5/^  of  oxygen  In  the 
males);  see  Table  2. 

Reducing  the  pulmonary  ventilation  Indices  to  standard  conditions 
(temperature,  pressure  and  humidity),  as  Is  customary  In  determination 
of  gas  volumes,  showed  that  In  most  of  the  normal  dogs  the  reduced  pul¬ 
monary  ventilation  either  Is  maintained  at  the  Initial  level  or  In¬ 
creases  slightly  with  Increasing  oxygen  deficiency  up  to  an  "altitude" 
of  9  thousand  meters. 

It  follows  from  the  data  obtained  that  as  hypoxia  mounts,  the  re¬ 
duced  alveolar  ventilation*  does  not  Increase  at  moderate  altitudes, 
and,  furthermore,  diminishes  at  high  altitudes  (5,  6,  7,  and  9  thousand 
meters ) . 

Together  with  the  amplification  of  the  external  respiratory  func¬ 
tion  In  mature  dogs  as  the  oxygen  Insufficiency  became  more  severe, 
there  was  a  progressive  Increase  In  the  pulse  rate  (Fig.  l).  In  the  ma¬ 
jority  of  cases,  a  distinct  quickening  of  the  pulse  In  control  dogs 
was  registered  beginning  at  "altitudes"  of  2-3  thousand  meters. 

The  quickening  of  cardiac  activity,  which  began  In  normal  dogs  at 
an  "altitude"  of  2000  m  (and  In  the  majority  of  cases  at  an  "altitude" 
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TABLE  1 

Variation  of  External  Respiration  Indices  in 
Mature  Dc^s  In  the  Altitude  Chamber 
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6,2 

6.8 

8,0 

10.0 

14A 

— 

2.0 

23 

3.3 

3.1 

3.0 

3.0 

33 

4.0 

— 

26 

24 

26 

29 

25 

30 

34 

37 

52 

185 

192 

185 

■200 

224 

227 

176 

211 

235 

43 

4.6 

43 

:53 

5.6 

64 

6.0 

7.8 

123 

3.7 

3.1 

23 

12.9 

2.5 

2.6 

1.9 

2.1 

23 

12 

16 

li 

1 

22 

1  ^3 

38 

70 

62 

167 

175 

219 

225223 

'270 

186 

271 

210 

2.0 

23 

3.5 

3.6 

4.9  6.C 

9.6 

13.0 

16,8 

13 

1.9 

2.1 

13 

23  2.3 

3.1 

33 

3.9 

82 

I8I 

143 

23 

56 

193 

103 

2.1 


Symbols:  Ch.  d.  -  Frequency  of  respiration  (in 
1  min);  DO  -  respiratory  volume  (in  m^);  MOD  - 
per-mlnute  respiratory  volume  (in  liters);  MOD 
(red.)  -  per-mlnute  respiratory  volume,  reduced 
(in  liters). 

l)  Name  of  dog;  2)  weight,  kg;  3)  "altitude"  in  thousands  of  meters ;4) 
barometric  pressure:  5)  %  Op  in  gas  mixture;  6)  Kashtanka;  7)  Ch.  d. ;  8) 
DO;  9)  MOD:  10)  MOD  {red.);^ll)  Mashka;  12)  Tsyganka;  13)  Almaz;  l4) 
Zhulya;  15)  Mars;  16)  Druzhok;  17)  Dezlk;  l8)  Venera;  19)  Ryzhka. 


of  3000-4000  m)  reached  its  maximum  Increase  (by  124-249^  of  the  initial 
norm)  at  an  "altitude"  of  7-10  thousand  meters  (in  13  dogs  out  of  15)- 
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Fig.  1.  Variation  of  arterial  pressure  (In  mm  Hg).  Pulse  rate,  MOD, 
percentage  of  oxygen  saturation  of  arterial  blood  and  hypoxic  oxygen 
content  In  waking  and  sleeping  dogs.  1)  Dogs  awake;  2)  dogs  asleep.  A) 
Femoral  artery;  B)  femoral  vein,  a)  Arterial  pressure  In  mm  of  mercury; 
b)  pulse,  beats  In  1  minute;  c)  pulmonary  ventilation  In  liters;  d) 
percentage  ©2  saturation  of  blood;  e)  content  of  O2  In  blood,  volume -5^; 

f)  percentage  of  0^  In  Inspired  mixture. 

Before  the  content  of  oxygen  In  the  Inspired  mixture  had  dropped 
to  16-16.55^,  the  level  of  the  arterial  pressure  In  the  normal  dogs 
showed  no  change  (Fig.  l);  when  the  oxygen  content  fell  from  1?  to  9-7^, 
a  progressive  Increase  In  the  level  of  arterial  pressure  to  140-170  mm 
Hg  was  noted;  under  more  acute  hypoxia  (below  of  oxygen  In  the  gas 
mixture),  the  rise  In  blood  pressure  became  very  sharp,  with  Its  level 
reaching  220-270  mm  Hg.  In  this  phase,  the  rise  In  blood  pressure  was 
attended  by  a  slackening  of  the  pulse.  A  critical  drop  In  blood  pres¬ 
sure  followed  Immediately  after  a  quick  ascent. 

Analysis  of  the  data  that  we  obtained  Indicates  that  In  the  con¬ 
trol  dogs,  an  Increase  In  pulmonary  ventilation  sets  In  at  degrees  of 
hypoxia  at  which  hemodynamic  shifts  are  still  not  In  evidence.  In  the 
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initial  stage  and  at  mcxlerate  levels  of  hypoxia,  the  Increase  in  MOD 
preserves  the  oxygen  saturation  of  the  arterial  blood  at  a  rather  high 
level.  Thus,  up  to  an  altitude  of  4  thousand  meters  (12. 55^  oxygen  in 
the  inspired  air),  the  oxygen  saturation  of  the  arterial  blood  drops 
relatively  little  in  normal  dogs  -  to  81-835^;  beginning  at  an  altitude 
of  4.8  to  6.8  thousand  meters  (11.5^  oxygen),  the  oxygen  saturation  of 
the  blood  decreases  to  78-705^,  and  only  at  altitudes  frcan  7  thousand 
meters  (8.55^  oxygen  in  the  inspired  mixture  and  less)  do  we  observe  a 
decrease  in  the  oxygen  saturation  of  the  blood  below  60^^  (Fig.  1). 

A  determination  of  the  oxygen  content  in  the  arterial  blood  by  the 
Van  Slyke  manometer  method  showed  that  when  the  oxygen  in  the  inspired 
mixture  is  lowered  to  15-13/^  and  even  to  6.55^»  its  content  in  the  blood 
is  kept  at  a  rather  high  level  in  normal  dogs  (Fig.  l). 

The  relatively  high  oxygen  content  in  the  arterial  blood  at  low 
saturatlcxi  may  be  accounted  for  in  part  by  an  increase  in  the  oxygen- 
carrying  capacity  of  the  blood,  such  as  usually  occurs  in  normal  dogs 
in  acute  hypoxia  as  a  result  of  an  increase  in  the  number  of  erhthro- 
cytes  in  the  circulating  blood. 

Experiments  performed  on  these  same  dogs  in  a  state  of  anesthe¬ 
tized  sleep,  or  after  decortication  by  one  or  both  hemispheres  showed 
that  intervention  by  the  higher  divisions  of  the  brain  has  a  distinct 
effect  on  the  organism's  reaction  to  hypo^ria. 

It  is  first  of  all  necessary  to  note  that  adaptation  to  hypoxia  by 
intensification  of  external  respiration  is  not  as  good  after  removal  of 
the  brain  cortex  as  compared  to  the  normal  state;  such  animals  differed 
from  normal  animals  in  that  the  increase  in  pulmonary  ventilation  be¬ 
gins  at  a  more  severe  level  of  oxygen  deficiency,  approximately  at  an 
"altitude"  of  4-5  thousand  meters. 

The  effectiveness  of  adaptation  to  hypoxia  on  the  part  of  external 
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sclous  state,  while  the  reduced  pulmonary  and  particularly  the  alveolar 
ventilation  lags  far  behind  the  Initial  level. 

The  deci’ease  In  reduced  alveolar  ventilation  In  dogs  In  which 
sleep  was  Induced  by  chloral  hydrate  Is  particularly  marked.  Special 
experiments  performed  with  chloralose  showed  that  the  absolute  minimum 
saporiphlc  dose  of  chloralose  -  40-45  mg/kg  (not  all  dogs  were  put  to 
sleep  by  administration  of  chloralose  in  these  quantities)  produced. 

In  cases  In  which  the  animal  did  fall  asleep,  a  marked  suppression  of 
adapiatlcxi  to  hypoxia  by  external  respiration,  although  this  effect  was 
not  as  pronounced  as  In  sleep  Induced  by  chloral  hydrate  (Lauer,  I96O; 
Lauer  and  Kolchlnskaya,  1^0-1961). 


Fig.  2.  Variation  of  arterial  pressure,  pulse  frequency  and  MOD  In  dogs 
In  the  waking  and  sleeping  states,  plotted  against  percentage  satura¬ 
tion  of  arterial  blood  with  oxygen  (A)  and  against  oxygen  content  in 
Inspired  mixture  (B).  Symbols  the  same  as  In  Fig.  1.  a)  Arterial  pres¬ 
sure  In  nan  of  mercury;  b)  pulse  frequency;  c)  MOD  in  liters;  d)  pulmon¬ 
ary  ventllatl(xi  In  liters;  e)  percentage  saturation  of  arterial  blood 
with  0  ;  f)  g^rcentage  saturation  of  arterial  blood  with  0^’,  g)  percen- 


tage  of  Og  in  Inspired  mixture. 

An  Indication  that  the  poorer  adaptation  to  hypoxia  during  anes¬ 
thetized  sleep  must  be  attributed  to  exclusion  of  the  brain  cortex  Is 
found  In  the  experiments  made  with  decorticated  animals.  Our  observa¬ 
tions  showed  that  a  distinctly  manifest  suppression  of  the  external 
respiratory  augmentation  response  to  hypoxia  occurs  In  dogs  over  1-2 
months  after  removal  of  the  cortex  of  one  hemisphere,  as  compared  with 
the  response  of  the  same  dogs  prior  to  the  operation.  After  3-^  months, 
however,  the  respiratory  reaction  to  hypoxia  was  restored. 

As  we  know,  bilateral  decortication  of  dogs  Is  followed  by  sharp 
excitability  and  violent  respiratory  reactions  to  the  most  diverse 
types  of  stimuli  (Asratyan,  Merkulova,  Goryunov,  Vaksleyger,  Lauer  and 
Kolchlnskaya),  and  this  makes  it  difficult  to  bring  out  the  respiratory 
reaction  directly  to  hypoxia.  However,  special  experiments  set  up  with 
the  purpose  of  isolating  the  dogs  from  external  stimuli,  with  meticu¬ 
lous  verification  of  the  Initial  pulmonary  ventilation  data  showed  that 
after  removal  of  the  cortex  from  both  hemispheres  of  the  brain,  the 
respiratory  reaction  to  hypoxia  Is  diminished.  As  a  rule,  the  MOD  of 
decorticated  dogs  did  not  Increase  In  altitude -chamber  experiments  run¬ 
ning  up  to  "altitudes”  of  4-5  thousand  m,  while  In  experiments  with  gas 
mixtures  a  marked  Increase  in  pulmonary  ventilation  also  began  when  the 
oxygen  content  had  dropped  below  12.55^*  When  the  oxygen  In  the  Inspired 
mixture  was  cut  down  to  9-65^,  the  pulmonary  ventilation  of  the  decorti¬ 
cated  dogs  had  risen  by  335^,  and  only  when  che  oxygen  content  had  been 
lowered  to  8.55^  had  their  MOD'S  doubled. 

It  Is  Interesting  to  note  that  while  the  reduced  MOD  was  maintained 
at  the  Initial  or  a  slightly  higher  level  In  the  control  animals  when 
the  oxygen  content  In  the  Inspired  air  dropped  to  8%,  as  noted  above, 
this  index  dropped  to  73-835^  of  the  initial  level  at  the  same  degree  of 


hypoxia  In  the  dogs  lacking  cerebral  cortex. 

By  way  of  Illustration,  we  present  a  curve  (Fig.  3)  obtained  In  an 
experiment  with  oxygen -deficient  gas  mixtures  on  the  dog  Zhuchka  (12 
months  after  removal  of  the  c-^rtex  from  the  second  hemisphere},  from 
which  It  Is  seen  that  her  low  level  of  pulmonary  ventilation  varied 
little,  not  only  at  minor  degrees  of  hypoxia,  but  even  when  the  oxygen 
content  had  been  lowered  to  9-10$^*  l.e.,  under  conditions  In  which  the 
MOD'S  of  the  control  dogs  had  usually  risen  by  178-600^  with  respect  to 
the  Initial  value. 

The  weakening  of  the  external  respiratory  reaction  to  oxygen  In¬ 
sufficiency  In  dogs  after  removal  of  the  cortex  from  both  cerebral  hem¬ 
ispheres  Is  observed  not  only  In  acute  hypoxia,  but  also  under  hlgh- 
mountaln  conditions  (Lauer,  Kolchinskaya ,  Turanov,  Semenov). 

After  removal  of  the  cortex  from  both  hemispheres,  the  pulse  fre¬ 
quency  increased  in  the  dogs  that  we  studied.  In  hypoxia,  the  pulse  was 
maintalne-3.  at  a  more  frequent  level  than  was  observed  In  normal  animals 
under  the  same  conditions. 
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Fig.  3.  Variations  In  frequency  and  depth  of  respiration  in  normal  (A) 
and  decorticated  (B)  dogs  during  Inspiration  of  oxygen-deficient  gas 
mixtures,  l)  rlymographlc  record  of  respiration;  2)  time  marker,  a)  Time; 
b)  Op  In  Inspired  mixture;  c)  MOD  In  liters;  d)  respiratory  frequency, 
cycles'^ln  1  min. 


The  minimal  soporific  doses  of  chloral  hydrate  or  even  larger  dos¬ 
es  of  chi oral ose  (80-100  mg/kg)  produced  a  quickening  of  the  pulse  in 
control  dogs  even  at  normal  atmospheric  pressure.  As  a  result,  when  hy¬ 
poxia  developed  during  unconsciousness  In  these  animals,  the  quickening 
of  the  pulse,  expressed  as  a  percentage  of  the  Initial  norm,  under  the 
Influence  of  oxygen  insufficiency  was  less  strongly  manifest  than  dur¬ 
ing  waking  under  the  same  conditions.  It  is  necessary  to  point  out, 
however,  that  in  absolute  figures,  the  pulse  frequency  at  low  degrees 
of  hypoxia  (l6-l4^  of  oxygen  in  the  inspired  air)  was  higher  in  dogs 
that  had  been  put  to  sleep,  while  at  severe  degrees  of  hypoxia,  the 
pulse  of  these  dogs  quickened  to  a  lesser  extent  than  at  the  same  "al¬ 
titudes"  in  the  waking  state.  Together  with  this,  the  change  in  blood 
pressure  during  hypoxia  is  not  as  great  in  the  sleeping  animals  as  in 
the  waking  ones;  particularly  indistinct  in  the  acute  phases  of  hypoxia 
is  the  second  phase  of  the  reaction  on  the  part  of  the  blood  pressure 
(Fig.  1);  the  sharp  preterminal  peak  In  blood  pressure  that  Is  observed 
in  normal  dogs  is  almost  completely  absent  here.  At  moderate  degrees  of 
hypoxia,  the  level  d' the  average  arterial  pressure  was  higher  than  nor¬ 
mal  in  the  sleeping  dogo. 

The  drop  in  the  effectiveness  of  adaptation  to  hypoxia  on  the  part 
of  external  respiration,  the  quicker  pulses  and  the  high  level  of  blood 
pressure  result  in  a  pronounced  decrease  In  the  oxygen  saturation  of  the 
blood,  even  at  minor  degrees  of  oxygen  insufficiency;  in  acute  hypoxia, 
undersaturation  of  the  blood  with  oxygen  becomes  particularly  distinct 
in  dogs  with  the  brain  cortex ‘excluded. 

It  follows  from  the  data  given  above  that  adaptation  to  oxygen  in¬ 
sufficiency  takes  place  in  normal  mature  animals  chiefly  through  ampli¬ 
fication  of  the  external  respiration,  as  indicated  cy  the  earlier  in¬ 
crease  (at  an  "altitude"  of  1-2  thousand  meters)  in  pulmonary  ventlla- 


tlon,  v/hlch  Increases  consistently  as  the  content  (yf  oxygen  In  the  In¬ 
spired  air  falls  off. 

The  preservation  of  relatively  high  alveolar  ventilation  Indices 
provides  for  saturation  of  the  blood  with  oxygen  at  a  rather  high  level 
during  hypoxia  in  normal  dogs,  liie  reaction  t-^  nypoxla  on  the  part  of 
the  cardiovascular  system  arises  at  a  more  acute  degree  of  hypoxia. 

As  Indicated  by  our  observations,  functional  exclusion  or  surgical 
removal  of  the  brain  cortex  has  a  distinct  effect  cn  the  organism’s  re¬ 
action  to  hypoxia.  Adaptation  to  hypoxia  through  the  external  respira¬ 
tion  deteriorates,  as  Indicated  by  the  indicators  of  reduced  pulmonary 
and  alveolar  ventilation.  The  lowered  effectiveness  of  adaptation  to 
hypoxia  by  external  respiration,  the  more  frequent  heartbeats  and  the 
relatively  high  level  of  blood  pressure  cause  a  manifest  decrease  In 
the  oxygen  saturation  of  the  blood  In  dogs  In  a  state  of  anesthetized 
sleep,  l.e. ,  a  higher  degree  of  hypoxemia,  even  at  relatively  slight 
degrees  of  hypoxia.  In  acute  hypoxia,  the  undersaturation  of  the  blood 
with  oxygen  becomes  particularly  distinct.  These  data,  obtained  as  they 
were  on  dogs,  are  In  full  agreement  with  the  results  of  Investigations 
by  V.V.  Turanov  (published  In  the  present  collection),  who  established 
a  marked  drop  In  the  effectiveness  of  adaptation  to  hypoxia  In  humans 
during  natural  and  medication-induced  sleep. 

Needless  to  say,  the  question  as  to  the  mechanisms  by  which  the 
higher  divisions  of  the  brain  Influence  the  organism's  adaptation  to 
oxygen  Insufficiency  In  Its  various  aspects  Is  a  highly  complicated  one. 
On  the  one  hand.  It  Is  known  quite  well  that  In  natural  or  anesthetic 
sleep,  the  organism's  oxygen  requirement  falls  off.  Under  the  condi¬ 
tions  of  mounting  hypoxia,  as  was  shown  by  our  experiments,  the  oxygen 
requirement  of  decorticated  and  drugged  dogs  either  Increases  to  a  les¬ 
ser  degree  than  during  waking  or  even  decreases.  These  data  suggest 
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that  exclusion  of  the  brain  cortex,  for  which  a  high  level  of  oxidation 
processes  Is  characteristic,  lowers  the  organism’s  over-all  oxygen  re¬ 
quirement  and  thereby  alleviates  the  conflict  that  arises  In  the  organ¬ 
ism  when  the  amount  of  oxygen  In  the  Inspired  air  Is  reduced.  On  the 
other  hand,  exclusion  of  the  brain  cortex  results  In  a  weakening  of  the 
external -respiratory  reaction  to  oxygen  Insufficiency.  Although  hypoxem¬ 
ia  Is  more  pronounced  In  the  the  decorticated  animals,  the  external 
respiration  Is  augmented  to  a  lesser  degree  here  and  In  the  control 
dogs.  It  Is  difficult  to  say  what  Is  benlnd  this  phenomenon  -  a  rise  In 
the  excitability  threshold  uf  the  receptor  apparatus  or  a  drop  In  the 
excitability  of  cells  In  the  respiratory  center. 

All  of  these  problems  require  special  Investigations.  At  the  pre¬ 
sent  time,  however,  we  can  already  affirm  that  the  disturbance  to  high¬ 
er  regulation  of  the  vegetative  functions  that  sets  In  as  a  result  of 
excluding  the  brain  cortex  causes  a  diminution  of  the  reflex  activity 
that  Is  at  the  bottom  of  the  adaptation  of  higher  mammals  to  oxygen  In¬ 
sufficiency. 
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207  The  alveolar  ventilation  was  determined  by  the  Bohr  formula. 

The  anatomical  dead  respiratory  space  was  determined  on  the 
carcasses  of  the  animals. 
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M.fl  =  Ch.  d  =  Chastota  dykhaniya  =  respiratory  frequency 
pea.  =  red.  =  redutslrovannyy  =  reduced,  adjusted 
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ON  THE  PROBLEM  OP  ADAPTATION  OP  ADULT  HUMAN  ORGANISM 

TO  OXYGEN  INSUFFICIENCY 
V.V.  Turanov 
(Kiev) 

Despite  the  fact  that  a  large  number  of  Investigators  have  concern¬ 
ed  themselves  with  the  question  of  the  adult  human  organism's  adapta¬ 
tion  to  air  oxygen  Insufficiency  and  a  great  many  facts  have  been  accum¬ 
ulated  on  the  amplification  of  the  adaptive-mechanism  functions  (exter¬ 
nal  respiration,  cardiac  activity,  red  blood,  and  etc.)*  certain  contra¬ 
dictions  and  unclear  points  remain  In  the  factual  material  Itself  and 
In  the  analyses  applied  to  It.  These  contradictions  have  arisen  from 
many  causes;  different  authors  have  obtained  data  under  differing  hypox¬ 
ic  conditions  and  on  different  Individuals,  using  differing  techniques; 

In  many  cases,  the  state  of  the  test  subjects  at  various  altitudes  In 
the  mountains,  with  varying  rates  of  "ascent"  in  the  altitude  chamber, 
etc.,  have  not  been  taken  Into  account.  Inadequate  attention  has  been 
paid  to  research  at  moderate  altitudes.  Authors  have  on  many  occasions 
studied  the  changes  of  only  a  single  function  of  the  organism,  out  of 
context  with  other  adaptive  mechanisms. 

At  the  same  time,  the  complex  process  of  adaptation  of  the  whole  or- 
ganlzm  to  hypoxia  can  be  understood  only  as  a  result  of  Juxtaposition  of 
the  changes  In  the  activities  of  the  various  adaptive  mechanisms. 

Proceeding  from  the  above  considerations,  we  performed  experiments 
on  one  and  the  same  Individual,  with  attention  to  the  changes  that  arose 
In  the  basic  systems  participating  directly  In  adaptation  of  the  human 
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to  oxygen  deficiency.  For  this  purpose,  we  studied  the  external  respira¬ 
tory  Indices  (MOD,  frequency  and  depth  of  respiration),  cardiac  activity 
(pulse  frequency  and  electrocardiographic  data),  changes  in  erythrocyte 
count  and  hemoglobin  content  in  the  blood  (after  Sahll)  and  the  oxygen 
saturation  of  the  arterial  blood  (after  Kreps) . 

The  studies  were  made  under  altitude-chamber  conditions  and  at  var¬ 
ious  heights  on  El’brus.  The  "trip  up”  in  the  altitude  chamber  took 
place  at  a  rate  of  10  m/sec  to  the  ’’altitude”  of  5000  m  with  five-min¬ 
ute  plateaus”  every  thousand  meters,  during  both  the  ’’ascent”  and  the 
’’descent.”  The  pulmonary  ventilation  was  registered  using  a  contact-type 
gas-flow  meter. 
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l)  "Altitude"  of  ascent;  2)  test  subject;  3)  E.G.,  4)  A.;  5)  M.S.;  6) 
V.A.;  7)  V.Ya.F.;  8)  V.P.;  9)  under  normal  conditions;  10)  1000  m;  11) 
conditions;  12)  test  subjects;  13)  A.Z.K.;  l4)  M.N.;  15)  S.Ya.;  l6)  V.T. 
17)  V.F.;  18)  L.R.;  19)  I.K.;  20)  Kiev;  21)  Terskol  (2000  m) ;  22)  Lado- 
vaya  baza  (3800  m) . 

We  present  data  that  we  obtalnec  in  an  Investigation  of  external 
respiration  on  healthy  individuals  under  hypoxic  conditions. 

As  will  be  seen  from  Table  1,  the  respiratory  frequency  in  the 
state  of  rest  (lying  down)  slackened  in  most  cases  during  hypoxia,  with 


TABLE  2 


Per-mlnute  Respiratory  Volume  in  the 
Altitude  Chamber 
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l)  Conditions;  2)  test  subjects;  3)  E.G.;  4)  A.;  5)  M.S.;  6)  V.A.;  7) 
V.Ya.F.;  8)  V.P.;  9)  under  normal  conditions;  10)  A.Z.K.;  11)  M.N,;  12) 
S.Ya.;  13)  V.T.;  14)  V.F.;  15)  L.R.:  l6)  I.K.;  1?)  Kiev;  19)  Terskol 
(2000  m);  20)  Ledovaya  baza  (38OO  m) . 

a  slight  quickening  In  only  a  few  of  the  test  subjects.  Th5  same  Individ¬ 
uals  under  the  same  conditions  showed  pulmonary  ventilation  Increases  In¬ 
stantly  with  aggravating  hypoxia.  The  Increase  In  MOD  was  observed  as 
soon  as  the  altitude  of  1000  ra  In  most  of  the  experimental  subjects 
(Table  2) . 

It  follows  from  the  data  given  that  in  most  of  the  test  subjects, 
the  increase  In  MOD  Is  to  be  accounted  for  by  deeper  breathing,  which 
was  noted  even  at  moderately  high  altitudes.  Only  In  the  weaker,  untrain¬ 
ed  Individuals  was  the  MOD  at  moderate  altitudes  due  to  a  quickening  of 
the  respiratory  rhythm,  although  the  depth  of  their  breathing  also  In¬ 
creased  sharply  at  high  altitudes,  while  the  respiratory  frequency  re¬ 
mained  at  the  Initial  level. 

Adaptation  to  hypoxia  by  increasing  the  depth  of  respiration  In¬ 
stead  of  Its  frequency  Is  more  favorable  to  the  organism,  since  In  this 
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TABLE  3 

Variation  of  Respiration  Depth  in  Al¬ 
titude  Chamber 
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1)  "Altitude"  of  ascent j  2)  test  subjects;  3)  E.G.;  4)  A.;  5)  M.S.;  6) 
V.A,;  7)  V.Ya.F.:  8)  N.P.;  9)  normal  altitude;  10)  conditions;  ll)  A.Z. 
K.;  12)  M.N.;  13)  S.Ya.;  14)  V.T.;  15)  V.P.;  l6)  L.R.:  17)  I.K.;  l8) 
Kiev;  19)  Terskol  (2000  m) ;  20)  Ledovaya  baza  (38OO  m) . 


case  the  detrimental  effect  of  the  dead  space  is  smaller  and  the  alveo¬ 
lar  ventilation  figure  is  higher.  Thus,  for  example,  the  pulmonary  ven¬ 
tilation  of  test  subjects  A.Z.K.  and  L.R.  increased  in  the  mountains, 
in  A.Z.K.  through  the  frequency  of  respiration,  and  in  L.R.  through  in¬ 
creased  depth  of  respiration.  At  Terskol  (2000  m) ,  the  alveolar  ventil¬ 
ation  had  Increased  correspondingly:  in  A.Z.K.  by  750  ml  as  compared 
with  the  "Kiev"  norm,  and  in  L.R.,  with  deeper  respiration,  by  II60  m^ 
(Table  3).  On  adjusting  the  pulmonary  ventilation  figures  of  the  test 
subjects  we  can  easily  satisfy  ourselves  that  in  the  adult  human,  the 
MOD  deficit  is  a  small  figure  —  ranging  from  200  to  I5OO  mi^  at  altitudes 
of  3000-4000  m,  and  that  this  deficit  in  pulmonary  ventilation  is  the 
smaller  the  deeper  was  the  respiration  cf  the  individual  in  question. 

The  nature  of  respiration  did  not  change  within  the  altitude  range  stud- 
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TABLE  4 

Variation  of  Pulse  Frequency  Dur¬ 
ing  Hypoxia  In  the  Altitude  Chamber 


Variation  of  Pulse  Frequency  In  the  Mountains 


l)  "Altitude”  of  ascent;  2)  test  subjects;  3)  P.;  4)  D.;  5)  A,;  6)  0,; 

7)  V.:  8)  S.;  9)  normal  altitude;  lo]  conditions;  11)  T.;  12)  R.;  13) 

K.;  14)  K.A.Z.:  15)  Ya.;  l6)  N.;  17)  Kiev;  l8)  Terskol  (2000  m);  19) 
Ledovaya  baza  ( 3800  m) . 

led.  The  adaptation  of  the  organism  to  hypoxia  Is  also  contributed  to  by 
Intensification  of  cardiac  activity. 

In  experiments  under  the  conditions  of  the  altitude  chamber,  a  mark¬ 
ed  quickening  of  the  pulses  of  Individuals  In  a  state  of  rest  (lying 
down)  was  observed,  as  will  be  seen  from  Table  4,  beginning  at  an  "alrtl- 
tude"  of  3000-4000  m.  In  the  mountains,  the  pulses  of  505^  of  the  test  In¬ 
dividuals  were  even  somewhat  slower  as  the  altitude  of  2000  m  (Terskol) 
than  In  Kiev.  It  Is  necessary  to  note  that  In  the  mountains,  the  dura¬ 
tion  of  the  effect  of  the  rarefied  air  was  incomparably  longer  (around 
the  clock) .  On  this  basis,  a  2000  meter  altitude  In  the  mountains  can  be 
I  con¥>leted  with  the  same  "altitude"  in  the  low-pressure  chamber. 

A  study  of  the  electrocardiographic  data  Indicated  that  no  patholog- 
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ical  changes  are  observed  up  to  an  altitude  of  5000  m.  Beginning  at  an 
altitude  of  3000  m,  the  heart  pause  was  alightly  shortened  (the  T-P  in¬ 
terval  was  reduced),  and  the  voltage  of  the  R-wave  increased  insignifi¬ 
cantly.  The  latter  may  reflect  an  increase  in  the  load  on  the  ventricles 
of  the  heart  and  thus  testify  indirectly  to  an  increase  in  its  systolic 
volume. 

Thus,  it  follows  from  the  data  given  above  that  the  reaction  to  hy¬ 
poxia  on  the  part  of  the  heart  manifests  at  higher  altitudes  than  the 
response  in  external  respiration.  Obviously,  at  low  altitudes  (lOOO- 
2000  m) ,  an  increase  in  the  per-minute  respiratory  volume  is  found  ade¬ 
quate  to  maintain  the  oxygen  partial  pressure  within  the  normal  range. 

At  higher  altitudes  (3000-4000  m),  an  increased  MOD  is  no  longer 
adequate  (a  pulmonary  ventilation  deficit  arises).  At  this  moment,  the 
reaction  on  the  part  of  the  heart  and  red  blood  comes  clearly  into  evi¬ 
dence;  the  pulse  frequency  increases,  together  with  the  per-minu+-e  vol¬ 
ume  of  the  heart,  and  the  erythrocyte  counts  and  hemoglobin  content  in 
the  blood  stream  show  a  rise. 

The  resultant  of  the  above  reactions  is  the  degree  of  oxygen  satur¬ 
ation  of  the  arterial  blood.  Below  we  present  data  on  the  oxygen  satura¬ 
tion  of  the  blood  in  our  test  subjects  under  the  conditions  of  the  alti¬ 
tude  chamber. 

The  percentage  oxygen  saturation  of  the  arterial  blood  in  mature 
humans  begins  to  drop  markedly  from  an  "altitude"  of  2000-3000  m.  At  the 
"altitude"  of  5000  m,  the  oxygen  situation  of  the  blood  drops  in  most  of 
the  test  subjects  to  81-885^,  and  co  7^%  in  only  one.  During  the  "de¬ 
scent,"  the  percentage  saturation  returns  gradually  to  normal  (at  an  "al¬ 
titude"  of  1000  m,  or  on  "descent"  to  O) .  The  deficit  in  the  oxygen  sat¬ 
uration  of  the  blood  Is  compensated  to  a  certain  degree  by  an  Increase 
in  hemoglobin  content  and  intensified  cardiac  activity.  However,  this 


-  224  - 


compensation  Is  found  Inadequate  at  high  altitudes  for  rapid  ascents, 
as  manifested  In  the  discomfort  of  our  test  subjects  at  an  altitude  of 
3800  m  In  the  mountains  and  5000  m  In  the  altitude  chamber. 

As  has  been  shown  by  the  studies  of  Slrotlnln,  Arkharngel 'skoy, 
Petrov,  Gubler,  Machlnskoy,  Lauer  and  Kolchlnskoy,  Turanov  and  others, 
the  cortex  of  the  brain  plays  an  Important  role  In  coordinating  and  reg¬ 
ulating  the  vegetative  functions  of  the  various  physiological  systems  In 
the  adaptive  reactions  of  the  organism  to  change  in  conditions  In  Its 
environment.  On  the  basis  of  these  observations,  the  necessary  atten¬ 
tion  has  been  devoted  to  the  state  of  the  central  nervous  system  In 
study  of  the  human  organism's  adaptation  to  hypoxia. 
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Pig.  1.  Variation  of  external  respiration  In  test  subject  M.M.S.  during 
"ascent"  In  the  altitude  chamber  while  awake  and  asleep.  The  upper  line 
Is  the  respiration  trace;  the  central  line  Is  the  lung  ventilation  mark¬ 
er;  the  lower  line  Is  the  time  marker.  The  MOD  (in  mlT  Is  keyed  on  the 
left  and  the  "altitude"  (in  thousands  of  meters)  on  the  right. 

a)  Waking;  B)  MOD,  liters;  C)  "altitude";  D)  sleep. 


We  studied  the  cjianges  In  external  respiration,  cardiac  activity, 
and  shifts  In  the  oxygen  saturation  of  the  blood  In  the  same  experimen¬ 
tal  subjects  after  putting  them  to  sleep  with  nembutal  (nembutal  dose  of 
0.2).  During  the  nembutal  sleep  at  normal  atmospheric  pressure,  the  pul¬ 
monary  ventilation  diminished  markedly  (Fig.  1). 
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No  quickening  of  respiration  was  observed  during  an  "ascent'*  in 
the  altitude  chamber.  The  respiration  depth  and  pulmonary  ventilation 
increased  to  a  much  lesser  degree  than  in  the  waiting  state,  i.e.,  the 
adaptive  respiratory  reaction  was  less  distant  during  sleep.  Thus,  in 
the  waking  state  the  pulmonary  ventilation  of  test  subject  M.S.  increas¬ 
ed  by  335^  at  an  "altitude"  of  1000  m,  while  during  sleep  it  rose  by 
lQ%;  at  an  "altitude"  of  8000  m,  it  rose  by  32^^  in  the  waking  state  and 
lOJ^  during  sleep.  The  raaxlmuin  increase  in  pulmonary  ventilation  was  ob¬ 
served  at  an  "altitude"  of  5000  m;  in  the  waking  state  it  rose  by  90^ 
and  during  sleep  by  355^.  During  drugged  sleep  (Fig.  2),  profound  changes 
in  the  nature  of  respiration  were  observed  when  the  air  in  the  altitude 
chamber  was  rarefied:  periodic  respiration  of  the  Cheyne- Stokes  type  ap¬ 
peared  at  an  "altitude"  of  4000-5000  m  and  was  retained  during  the  "de¬ 
scent"  to  "altitudes"  of  4000-3000  m.  Thus,  when  test  subject  E.G.  was 
"taken  up"  in  the  altitude  chamber  while  asleep  to  an  altitude  of  4000 
m,  the  type  of  respiration  did  not  change;  only  at  an  "altitude"  of 
5000  m  did  we  register  the  Cheyne-Stokes  periodic  type  of  respiration; 
this  type  of  respiration  persisted  in  this  [male]  test  subject  even  dur¬ 
ing  the  "descent**  down  as  far  as  "altitudes"  of  4000-3000  m.  At  these 
sane  "altitudes,"  but  in  the  waking  state,  the  nature  of  his  respiration 
remained  normal  (Pig.  3) •  During  natural  sleep  in  the  mountains,  we  al¬ 
so  observed  periodic  respiration  in  our  subjects  at  altitudes  of  4200- 
5300  m.  The  pulmonary  ventilation  dropped  sharply  during  this  ^Ime. 

The  data  shown  indicate  that  during  sleep,  the  pulmonary  ventila¬ 
tion  increase  is  considerably  smaller  than  during  waking  when  the  test 
subjects  were  in  hypoxia.  It  is  found  to  be  inadequate  to  provide  the  or¬ 
ganism  with  the  necessary  quantity  of  oxygen. 

During  drugged  sleep,  rarefaction  of  the  air  in  the  altitude  cham¬ 
ber  produced  a  quickening  of  the  cardiac  rhythm  in  our  test  subjects, 
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Just  as  it  had  In  the  waking 
state,  beginning  at  an  “altitude" 
of  3000-4000  m.  However,  in  con¬ 
trast  to  the  waking  state,  the 
pulse  continued  to  speed  up  dur¬ 
ing  sleep  even  during  the  "de¬ 
scent"  to  an  "altitude"  of  4000  m. 
In  most  of  the  test  subjects,  the 
maximura  pulse  quickening  was  ob¬ 
served  at  an  "altitude"  of  4000  m 


Pig.  2.  Changes  in  MOD,  pulse 
frequency  and  oxygen  saturation 
of  blood  of  test  subject  M.M.S. 
during  "ascent"  in  altitude  cham¬ 
ber,  during  waking  and  sleep. 

1)  Waking;  2)  sleep;  3,4)  pulse 
frequency  in  beats  per  1  min. 

A)  MOD,  liters;  B)  pulse  frequen¬ 
cy;  C)  O2  saturation  of  arterial 
blood,  5^. 


after  "descent"  from  an  "alti¬ 
tude"  of  5000  m.  The  latter  would 
apparently  be  explained  in  terms 
of  the  extent  of  hypoxemia  remain¬ 
ing,  as  was  indicated  earlier, 
higher  during  sleep  even  after 


the  pressure  has  been  raised  in  the  chamber  (Pig.  2).  Thus,  while  asleep, 


the  pulse  cf  the  same  test  individual  M.M.S.  also  began  to  quicken  begin¬ 


ning  at  an  "altitude"  of  4000  m,  reached  a  maximum  at  5000  m  and  then, 


^  2  Cm 
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Pig.  ^^3.  Change  in  nature  of  respiration  in  test  subject  E.G.  during  "as¬ 
cent"  in  altitude  chamber  in  waking  and  sleeping  states.  1)  Waking;  2) 
sleep . 
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despite  the  fact  that  the  pressure  In  the  chamber  had  been  raised  to 
the  respective  altitudes  of  3000  m  and  4000  m  [sic],  remained  Just  as 
fast  as  it  had  been  at  the  ''altitude*'  of  5000  m. 

Normalization  of  the  pulse  frequency  in  this  test  individual  was 
considerably  slower  during  sleep  than  in  the  waking  state.  Only  after 
the  "descent''  had  been  completed  (normal  barometric  pressure)  did  his 
pulse  frequency  reach  the  initial  value.  Similar  changes  in  pulse  fre¬ 
quency  were  also  noted  in  other  test  subjects. 

Also  characteristic  is  the  pulse  variation  in  another  test  subject. 
The  maximum  quickening  of  his  pulse  was  observed  not  at  the  "altitude" 
of  5000  m,  but  at  an  "altitude"  of  4000  m  during  the  "descent."  It  fol¬ 
lows  from  this  that  the  reaction  on  the  part  of  the  heart  is,  as  it 
were,  delayed  during  sleep,  becoming  Inadequate  to  the  changing  condi¬ 
tions  of  the  environment . 

It  appears  that  the  high  degree  of  arterial  hypoxemia  that  we  ob¬ 
served  In  mature  humans  during  sleep  (Fig.  2)  is  also  to  be  accounted 
for  In  terms  of  Inadequate  pulmonary  ventilation. 

As  is  shown  by  the  oxyhemograms,  sleep  at  normal  atmospheric  pres¬ 
sure  produces  a  drop  in  the  percentage  saturation  of  the  arterial  blood 
with  oxygen.  On  the  other  hand,  as  the  air  in  the  altitude  chamber  is 
rarefied,  the  percentage  oxygen  saturation  ol’  the  arterial  blood  iri  the 
same  individuals  is  lower  during  sleep.  The  hypoxemia  that  arises  dur¬ 
ing  sleep  also  persists  longer  during  the  "descent’’  than  in  trie  waking 
state.  Thus,  for  test  subject  V.P.,  the  percentage  oxygen  saturatior.  of 
the  blood  during  a  sleeping  "ascent"  in  the  altitude  chamber  was  3-d^ 
lower  than  in  the  waking  state:  88^  awake  and  8o^  asleej:  at  an  "alti¬ 
tude"  of  5000  m.  During  the  "descent"  while  awake,  the  percentage  oxy¬ 
gen  saturation  of  the  blood  reached  93%  even  at  an  "altitude"  of  2000  m, 
while  during  sleep  it  had  reached  78%  at  this  same  altitude,  i.e.,  the 
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extent  of  hypoxemia  remained  significant  even  when  normal  atmospheric 
pressure  was  restored. 

The  data  presented  above  suggest  that  during  sleep,  the  activity 
of  the  adaptive  mechanisms  deteriorates,  and  that  fine  and  rapid  adapta¬ 
tion  to  varying  environmental  conditions  no  longer  occurs. 

During  natural  and  drugged  sleep,  the  human  organism's  reactions 
to  hypoxia  —  on  the  part  of  his  respiratory  system  and  cardiac  activity 
—  become  less  sensitive;  with  Increasing  oxygen  shortage,  they  are  de¬ 
layed  In  time,  and  manifest  at  higher  degrees  of  hypoxia  and  less  strong¬ 
ly;  on  the  other  hand,  on  the  return  to  a  medium  with  a  normal  oxygen 
content  In  the  Inspired  air,  more  time  is  required  for  their  nonnaliza- 
tlon  as  compared  with  the  waking  state. 

Tabulation  and  analysis  of  the  data  obtained  on  one  and  the  same 
test  subject  indicate  the  following.  At  moderately  high  altitudes,  the 
respiratory  organs  react  first  to  oxygen  insufficiency  -  the  per-mlnute 
volume  of  the  lungs  Is  Increased  by  Increasing  the  depth  of  respiration, 
by  the  frequency  of  respiration  and  the  pulse  usually  remain  without  any 
particular  changes.  At  higher  altitudes  (3000-4000  m) ,  we  observe  an  in¬ 
crease  In  pulse  frequency,  and  the  erythrocite  count  and  hemoglobin  con¬ 
tent  In  the  blood  rise. 

As  Is  Indicated  by  both  the  literature  dated  and  our  own,  the  func¬ 
tional  state  of  the  brain  cortex  Is  of  great  Importance  In  the  adaptation 
of  man  to  hypoxia. 
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script 

Page  [Transliterated  Symbol] 

No. 

220  MOfl  =  MOD  =  mlnutnyy  ob''yem  dykhanlya  =  per-mlnute  respiratory 

volume 


-  229  - 


SIGNIFICANCE  OP  THE  FUNCTIONAL  STATE  OP  THE  CENTRAL  NERVOUS  SYSTEM  IN 
THE  INTHIACTION  MECHANISMS  OF  THE  RESPIRATORY  AND  VASOMOTOR  CENTBlRo 

IN  VARIOUS  FORMS  OP  HYPOXIA 
Ya.M.  Brit van 
(Vinnitsa) 

Pew  today  share  Busby's  (1915)  suggestion  that  there  exists  a  sin¬ 
gle  center  regulating  respiration  suid  blood  circulation.  I.R.  Petrov 
(1935)  maintained  that  the  vasomotor  center  possesses  only  independent 
mechanical  excitability,  while  its  chemical  excitability  is  effected 
through  the  respiratory  center.  Excitation  Impulses  radiate  constantly 
from  the  respiratory  center  to  the  vasomotor  center. 

Subsequently,  I.R.  Petrov  (19^9)  acknowledged  that  various  inter¬ 
relationships  between  the  respiratory  and  vasomotor  centers  are  posslbl 
The  same  standpoint  has  been  taken  by  V.N.  Chernigovskiy  (19^3) »  D.A. 
Biryukov  (19^6),  M.A.  Kondratovich  (195^)»  V.V.  Prol'kis  (1959)  and 
others.  It  should  be  noted  that  the  mechanisms  of  Interaction  between 
the  respiratory  and  vasomotor  centers  under  pathological  conditions  re¬ 
main  rather  neglected. 

In  our  previous  communication  (1962),  it  was  indicated  that  the  in 
teractlon  between  the  respiratory  vasomotor  centers  is  different  in  dif 
ferent  stages  of  hemic  hypoxia  and  depenas  on  the  rapidity,  severity, 
and  duration  of  its  course.  In  the  initial  stage  of  a  rapid,  acui'e,  nasn- 
Ive  loss  of  blood,  we  observe,  together  with  a  sharp  drop  in  arterial 
pressure,  excitation  of  respiration  and  inhibition  of  the  brain  cortex 
function  as  determined  from  its  electrical  activity. 


When  hemic  hypoxia  was  developed  slowly  by  fractional  bloodletting 
and  Intoxication  with  '  :;t hemoglobin- forming  agents,  the  arterial  pres¬ 
sure  gradually  diminished,  and  the  initial  phase  of  respiratory  excita¬ 
tion  Is  frequently  combined  with  am  amplification  of  the  cortical  elec¬ 
trical  activity.  Parallel  reactions.  Irradiation  or  Inductive  behavior 
of  the  respiratory  and  vasomotor  centers  are  noted  In  the  transitional 
stage  of  hemic  hypoxia.  Our  observations  also  Indicated  that  In  hemic 
hypoxia,  the  Interaction  bet’.feen  these  centers  also  depends  on  the  Ini¬ 
tial  functional  state  of  the  central  nervous  system  as  affected  by  nar¬ 
cosis,  administration  of  phenamine  and  amlnazlne  and  exclusion  of  the 
arterial-pressure  regulators. 

In  the  present  report,  we  shall  analyze  data  on  the  Interaction  of 
the  respiratory  and  vasomotor  centers  in  other  forms  of  hypoxia  —  trans¬ 
fusion  and  anaphylactic  shock,  asphyxia,  and  elevated  Intracralnlal 
pressure.  The  respiration,  arterial  pressure  and  the  biocurrents  of  the 
brain  were  registered  simultaneously.  The  potentials  of  the  cortex  and. 
In  some  of  the  experiments,  those  of  the  thalamic  division  as  well,  were 
recorded  with  a  cathode  oscillograph  or  an  "Alvar”  pen-recorder  appara¬ 
tus  . 

In  the  experiments  of  N.A.  Vlyevskiy,  transfusion  shock  was  Inducea 
In  rabbits  by  Intravenous  administration  of  banked  human  blood.  In  the 
case  of  anaphylactic  shock,  sensitization  was  by  triple  Injection  of 
normal  force  serum.  The  reacting  dose  was  administered  on  the  l8th-21st 
day  after  the  first  serum  Injection. 

The  Initial  functional  state  of  the  central  nervous  system  was  var¬ 
ied  by  administration  of  phenamine  In  a  dose  of  5  mg/kg  of  weight  and 
amlnazlne  In  the  same  dose.  Both  the  phenamine  and  the  amlnazlne  were 
administered  30-35  min  before  Inducing  the  shock. 

The  Investigations  showed  that  In  the  Initial  stage  of  either  form 


of  shock,  the  arterial  pressure  rises  together  with  the  excitation  of  | 
respiration.  In  the  transitional  stage  of  shock  hypoxia,  suppression  off 
the  respiration  (frequent  superficial  rhythm)  is  at  first  combined  with  I 
arterial  pressure  held  below  the  initial  values.  In  many  of  the  experi-  I 
ments,  this  drop  below  the  Inltlax  values  resulted  in  the  appearance  of  | 
stereotyped  third-order  waves  of  varying  an^litude  and  frequency,  some-  | 
times  in  synchronism  with  periodic  respiration.  The  appearance  of  ter-  ! 
mlnal  respiration  types  was  always  accompanied  by  a  catastrophic  drop  ' 
in  arterial  pressure. 

In  rapidly  progressing  shock,  a  sharp  drop  in  arterial  pressure  in¬ 
tervened  soon  after  the  phase  in  which  it  was  elevated;  this  was  accom¬ 
panied  by  suppression  of  the  brain-cortex  electrical  activity.  The  ap¬ 
pearance  of  periodic  phenomena  in  the  fluctuations  of  vascular  tonus 
and  respiration  was  normally  noted  in  more  protracted  forms  of  the  shock. 
In  these  experiments,  we  first  observed  an  intensification  and  quicken¬ 
ing  of  the  fundamental- rhythm  biocurrents  or  an  enlivening  of  the  high- 
frequency  biopotentials  on  the  electrocorticograra.  Slow,  high-voltage 
potentials  then  appeared.  As  the  shock  deepened,  the  fundamental  rhythm 
and  high-frequency  potentials  were  suppressed,  and  the  voltage  and  fre-  , 
quency  of  the  delta-oscillations  also  dlminisned.  On  the  development  of 
terminal  respiration  types  or  slightly  earlier,  the  brain- cortex  blo- 
currents  vanished  completely. 

In  rabbits  to  which  phenamine  had  been  administered,  the  reaction 
of  the  respiratory  and  vasomotor  tensors  and  the  electrical  activity  of 
the  brain  cortex  resembled  those  of  control  animals.  However,  after  the 
administration  of  phenamine,  frequent  irregular  or  chaotic  respiration 
occurred  together  with  seizures  of  general  motor  excitation.  Phenamine 
promoted  the  development  of  severe  heterotrans'*usion  shock,  usually  with 
a  lethal  outcome.  The  com^’se  of  anaphylactic  shock  varied  to  a  lesser 
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degree. 

In  rabbits  to  which  amlnazlne  had  been  administered  first,  the  In¬ 
itial  phase  of  respiratory  excitation  was  Indistinct,  and  the  phase  In 
which  the  arterial  pressure  rose  was  also  rather  vague  or  totally  ab¬ 
sent.  As  a  result  of  the  protracted  course  of  the  shock,  slow  delta- 
waves  were  registered  for  a  long  time  on  the  electrocortlcogram.  It 
should  be  noted  that  after  administration  of  amlnazlne.  It  was  not  al¬ 
ways  possible  to  produce  a  severe  shock  with  a  lethal  outcome.  As  the 
hypoxia  reversed  Its  course,  respiration  reached  the  Initial  level  con¬ 
siderably  In  advance  of  arterial  pressure,  and  the  electrical  activity 
of  the  brain  cortex  recovered  even  later. 

Thus,  we  may  speak  of  a  dependence  of  the  reactions  of  the  respira¬ 
tory  and  vasomotor  centers  on  the  current  functional  state  of  the  cen¬ 
tral  nervous  system,  which  Is  an  effect  of  the  successive  development 
of  the  successive  development  of  stages  In  hypoxia.  A  two-phased  reac¬ 
tion  of  these  centers  In  nonanesthetlzed  animals  Is  characteristic,  with 
a  first  phase  In  which  activity  Is  quickened  and  a  second  In  which  It 
is  suppressed.  These  phases  do  not  have  uniform  durations.  Thus,  the  ex¬ 
citation  phase  of  the  respiratory  center  Is  generally  shorter,  and  the 
suppression  phase  longer;  on  the  other  hand,  the  rise  In  arterial  pres¬ 
sure  Is  of  short  duration  and  Intervenes  later.  Hence  the  Interaction 
of  the  respiratory  and  vasomotor  centers  changes  throughout  the  develop¬ 
ment  of  the  actual  hypoxia. 

Figure  1  reflects  the  various  aspects  of  this  interaction  in  one 
of  the  experiments  with  anaphylactic  shock  on  an  unanesthetized  rabbit. 
As  will  be  seen  from  the  figure,  prior  to  administration  of  the  reacting 
dose  of  serum,  the  Initial  normal  respiration,  arterial  pressure  and 
brain-cortex  electrical  activity  have  been  registered  (l).  After  admin¬ 
istration  of  the  reacting  serum  dose  (l),  a  slight  drop  In  arterial 
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Pig.  1.  Changes  In  respiration,  arterial  pressure  and  electrical  activi¬ 
ty  of  brain  cortex  In  an  unanesthetized  rabbit  in  anaphylactic  shock,  a) 
Legend,  top  to  bottom;  respiration,  arterial  pressure;  arrow  indicating 
time  of  serum  reinjection,  arterial  pressure  zero  line,  10- second  time 
marker;  b)  electrocortlcograras,  time  marker  1  sec.  The  numerals  1-7  in¬ 
dicate  the  times  at  which  the  electrocardiograms  (6)  were  recorded.  A) 

25  M-V. 

pressure  occurred  In  combination  with  vigorous  excitation  of  respira¬ 
tion,  with  the  latter  retained  even  under  conditions  under  which  the  ar¬ 
terial  pressure  exceeds  Its  initial  level  (2). 

The  excited  respiration  is  supplanted  by  suppressed  respiration, 
although  the  arterial  pressure  remlnas  high  (3).  Subsequently,  frequent 
superficial  respiration  persists  under  the  conditions  of  lowered  arter- 
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ial  pressure  (4),  and  the  latter  acquires  the  nature  of  stereotyped 
slow  third-order  waves  (5).  Agonal  excitation  of  respiration  and  the 
"last  gasps"  were  registered  against  a  background  of  vasomotor  center 
paralysis  (6  and  7) . 

It  is  worthy  of  note  that  the  initial  excitation  of  the  respira¬ 
tory  and  vasomotor  centers  arises  against  a  background  of  profound  cor¬ 
tical  Inhibition,  which  is  manifest  in  the  high-voltage  slow  delta- 
waves  with  frequencies  of  one  or  two  per  second.  As  hypoxia  deepens, 
the  electrical  activity  of  the  brain  cortex  diminishes  progressively 
and  vanishes  on  the  appearance  of  terminal  respiration  (lower  half  of 
figure) , 

The  asphyxia  experiments  were  se"^  up  by  Ye. A.  Markova.  Rapidly  ad¬ 
vancing  asphyxia  was  produced  in  cats  by  totally  cutting  off  access  of 
air  to  the  respiratory  tracts  and  maintained  for  5-8  minutes;  gradual 
asphyxia  was  Induced  by  having  the  animals  breathe  air  in  an  enclosed 
space  and  lasted  for  26-50  minutes. 

In  unanesthetized  and  phenamlnized  animals,  concurrent  excitation 
of  the  respiratory  and  vasomotor  centers  was  observed  in  initial  asphyx 
la;  here,  breathing  becaime  considerably  deeper,  with  frequent  deep  in¬ 
tercalary  inspirations,  and  the  arterial  pressure  rose  steeply  and 
steadily.  Seizures  of  general  motor  excitation  were  accompanied  by  a 
transitory  rise  in  arterial  pressure.  Suppression  of  the  fundamental 
rhythm  and  high-frequency  potentials  was  registered  quite  early  on  the 
electrocortlccgram,  and  slow  high-voltage  delta- waves  appeared. 

In  the  transitional  stage  of  hypoxia,  a  drop  in  the  arterial  pres¬ 
sure  and  a  slackening  and  voltage  decrease  in  the  slow  electrical  actlv 
Ity  were  observed  together  with  a  slackening  of  the  respiratory  rhythm 
and  a  lowering  of  its  an^lltude.  With  the  onset  of  terminal  respiration 
the  arterial  pressure  was  10-20  mm  Hg,  and  the  brain  cortex  biocurrents 
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had  vanished.  A  distinctive  feature  of  protracted  asphyxia  consisted  In 
the  quickening  and  amplitude  increase  of  the  waves  of  the  fundamental 
rhythm  in  the  initial  stage,  in  combination  with  long-persisting  deepen¬ 
ing  and  quickening  of  respiration. 

Deep  ether  narcosis  weakened  the  excitation  phase  of  the  motor  and 
respiratory  centers  considerably,  preventing  the  appearance  of  the  deep 
"gasps."  The  results  of  one  of  the  experi'^ents  using  ether  anesthesia 
are  shown  in  Pig.  2. 

As  will  be  seen  from  Fig.  2,  the  cats  breached  uniformly,  showed 
normal  arterial  pressure  and  slow  regular  electrocortlcogram  waves  be¬ 
fore  asphyxia  was  Induced  (l).  In  the  initial  and  transitional  stages 
of  short  asphyxia,  we  note  a  slackening  and  slight  deepening  of  respira¬ 
tion  and  an  insignificant  rise  in  arterial  pressure  with  enlargement  of 
the  second-order  waves.  The  electrocortlcogram  shows  a  sharp  drop  in 
the  amplitude  of  the  slow  waves  (2).  In  the  terminal  stage  of  asphyxia, 
respiration  stops,  the  arterial  pressure  drops  to  20  mm  Hg  and  the 
brain  cortex  blocurrents  vanish  (3) .  Two  minutes  after  the  beginning  of 
Independent  function  restoration,  sporadic  respiration  with  occasional 
"gasps"  and  short  delays  in  Inspiration  appeared,  the  arterial  pressure 
rose  to  100  mm  Hg  and  the  electrical  activity  of  the  brain  cortex  was 
suppressed  (4) . 

Ye. A.  Markova  also  studied  the  reflex  excitability  and  functional 
mobility  of  the  respiratory  and  vasomotor  centers  under  the  conditions 
of  asphyxia.  The  excitability  was  determined  from  the  stimulation 
threshold  eind  the  fuctlonal  mobility  from  the  reactions  of  the  centers 
to  stimulation  of  the  central  segment  of  the  tlblal  nerve  by  induction 
currents  of  various  frequencies. 

The  experiments  indicated  that  with  the  development  of  asphyxia, 
the  reflex  excitability  and  functional  mobility  of  the  centers  diminish 
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Pig.  2.  Changes  In  respiration,  arterial  pressure  and  electrical  activ¬ 
ity  of  brain  cortex  In  a  cat  under  ether  anesthesia  during  short-tenn 
hypoxia.  Symbols  same  iks  In  Pig.  1.  The  arrow  Indicates  the  time  at 
which  the  tracheal  passage  was  blocked.  A)  2^v. 

concurrently,  and  that  the  equalizing  reaction  of  the  centers  Is  supplan¬ 
ted  first  by  a  paradoxical  and  then  by  an  Inhibitory  reaction.  Phenamine 
raises  the  Inltal  reflex  activity  of  the  respiratory  and  vasomotor  cen¬ 
ters  considerably,  while  ether  narcosis  depresses  It.  It  should  bd  no¬ 
ted  that  deep  ether  anesthesia  and  the  administration  of  phenamine  have 
a  negative  Influence  on  the  processes  by  which  the  organism's  functions 
are  restored. 

Thus,  In  contrast  to  shock,  the  interaction  of  the  respiratory  and 
vasomotor  centers  Is  more  standard  In  a^hyxia,  and  the  changes  in  the 

**  t  • 

Initial  and  transitional  stages  of  asphyieia  run  concurrently.  Thi^'  can 
be  accounted  for  by  the  combined  effects  of  hypoxia  and  hyperctpriia  In 
I  asphyxia.  Only  In  the  final  stage  of  asphyxia  do  we  note  dissociation  of 
the  functions;  paralysis  of  the  vasomtftor  center  is  accompanied  by 


"loosing"  of  the  lower  respiratory  tracts. 

In  the  investigations  of  S.S.  Krokhmal ' ,  the  intracranial  pressure 
of  cats  was  elevated  by  extradural  infusion  of  Ringer's  solution  under 
a  pressure  of  200-250  mm  Hg.  The  sudden,  rapid  and  transitory  rise  in 
intracranial  pressure  produces  a  sharp  increase  in  arterial  pressure, 
suppression  of  respiration  and  complete  disappearance  of  the  brain  cor¬ 
tex  biocurrents  with  suppression  of  the  currents  In  the  thalamic  dlvl- 

% 

Sion,  in  which  slow  regular  delta-waves  are  most  frequently  registered.  I 

On  an  increase  in  intracranial  pressure  that  Is  less  severe  but  j 
lasts  longer,  we  observe  Infrequent  respiration  of  the  periodic  type,  ^ 
a  smaller  rise  in  arterial  pressure,  third- order  waves,  and  suppression 
of  blocurrents  in  the  cortex  and  thalamic  division  of  the  brain.  The 
changes  take  the  reverse  course  when  the  functions  are  restored.  Figure 
3  shows  data  from  one  of  the  experiments  with  a  short-terir  rise  in  in¬ 
tracranial  pressure.  As  will  be  seen  from  the  Figure,  the  initial  fig¬ 
ures  for  the  cats  were  within  normal  limits  (l).  On  sudden  extradural 
infusion  of  Ringer's  solution  under  a  pressure  of  25O  mm  Hg,  the  respir¬ 
atory  center  reacts  in  two  phases.  The  second  phase,  in  which  respira¬ 
tion  ceases,  is  accompanied  by  a  sharp  increase  in  arterial  pressure  to 
230  mm  Hg,  the  electrical  activity  of  the  brain  cortex  vanishes  simul¬ 
taneously  and  that  of  the  thalamic  division  is  greatly  suppressed  (2). 

On  removal  of  the  conditions  supporting  the  increase  in  intracranial 
pressure,  the  arterial  pressure  returns  to  the  rormal  level,  while  res¬ 
piration  is  characterized  by  a  frequent  rhythm,  initially  of  the  period¬ 
ic  type.  The  electrical  activities  of  the  cortex  and  thalamic  division 
of  the  brain  take  a  long  time  in  returning  to  the  initial  level  (3-5). 

In  cats  to  whlcn  amlnazlne  was  administered,  the  pressor  reaction 
of  the  arterial  pressure  was  indistinct  or  absent,  despite  the  consider¬ 
able  rise  in  intracranial  pressure.  In  none  of  the  experiments  did  the 
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Fig.  3.  Changes  In  respiration,  arterial  pressure  and  the  electrical  ac¬ 
tivity  of  the  cortex  and  thalamic  division  of  the  brain  in  unaneatheti- 
zed  cat  on  elevation  of  intracranial  pressure,  a)  Legend,  top  to  bottom: 
respiration,  arterial  pressure,  bar  indicating  time  during  which  intra¬ 
cranial  pressure  was  raised,  zero  line  of  arterial  pressure,  10-second 
time  marker;  b)  corticogram  (C),  thalamogram  (Th) .  A)  50vtv;  B)  1  sec. 


arterial  pressure  rise  above  the  initial  level.  The  phase  in  which  the 
arterial  pressure  drops  and  respiration  is  suppressed,  together  with  the 
biocurrents  of  the  brain,  develops  soon  afterward.  R-storation  of  the 
organism's  functions  is  usually  not  observed. 

The  results  of  all  our  investigations  Indicate  that  the  interaction 
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of  tne  respiratory  and  vasomotor  centers  Is  not  the  sas^  in  different  I 

stages  of  hypoxia  produced  by  blood  transfusion  and  anaphylactic  shock! 

I 

asphyxia  and  elevation  of  the  Intracranial  pressure.  There  Is  a  depen-  | 

s 

dence  of  the  reaction  of  these  centers  on  the  rapidity,  intensity  and 

I 

duration  of  the  hypoxia.  The  interaction  of  the  respiratory  and  vasomo-| 
tor  centers  during  the  process  in  which  the  functions  of  the  organism  | 
are  restored  is  similarly  Irregular.  All  of  this  indicates  that  the  re-| 
actions  of  the  centers  depend  on  functional  changes  related  to  their  [ 
current  activity.  | 

I 

The  investigations  also  show  that  the  interaction  of  the  respira-  | 

f 

t 

tory  and  vasomotor  centers  in  shock  and  asphyxia  and  on  elevation  of  I 

i 

the  Incracranial  pressure  depends  on  the  initial  functional  state  of 
the  central  nervous  system,  which  is  affected  by  narcosis  and  the  admin¬ 
istration  of  phenamine  and  amlnazlne.  Certain  differences  are  noted  in 
asphyxia,  apparently  as  a  result  of  the  combined  effects  of  hypoxia  and 
hypercapnia . 

In  all  forms  of  hypoxia  studied,  we  note  an  initial  significant 
rise  in  arterial  pressure,  in  contrast  to  the  case  of  hemic  hypoxia.  As 
In  hemic  hypoxia,  we  detect  high  sensitivity  of  the  brain  cortex  to  oxy¬ 
gen  Insufficiency,  and  an  Inhibition  process  of  the  protective  type  de¬ 
velops  in  it  at  an  early  phase. 


-  240  - 


DECREASE  IN  THE  ORGANISM'S  RESISTANC  TO  OXYGEN  STARVATION 


UNDER  THE  INFLUENCE  OP  NARCOTICS 
A. I.  Ulovich 
(Moscow) 

The  In^ortance  of  the  problem  of  the  combined  action  of  narcotics 
and  oxygen  starvation  on  the  organism  Is  determined  primarily  by  the 
fact  that  most  of  the  basic  complications  of  narcosis  are  associated 
with  oxygen  starvation.  Oxygen  starvation  Is  regarded  as  the  principal 
cause  of  one  of  the  grave  complications  of  narcosis  —  suppression  of 
respiration.  It  Is  ascribed  an  Important  role  In  the  development  of  cir¬ 
culatory  Insufficiency  and  In  the  etiology  or  pathogenesis  of  heart 
stoppage  on  the  operating  table.  A  definite  relationship  with  the  effect 
of  the  fourth  complication  of  narcosis  —  postoperatlcnal  disturbances 
to  higher  nervous  activity  —  on  the  narcotized  organism  Is  also  noted. 
Suppression  of  respiration,  with  developing  circulatory  Insufficiency 
up  to  the  point  of  collapse  Is  also  observed  In  the  use  of  narcotic  hyp¬ 
notics  and  analgesics  In  hypoxic  states  of  therapeutic  patients  (Arkhlv 
patol.  [Archives  o%  Pathology],  No.  3,  1962,  page  60) . 

This  problem  Is  also  of  theoretical  Importance.  The  helpful  Influ¬ 
ence  of  narcotics  was  originally  affirmed  In  a  study  of  the  Influence  of 
a  number  of  narcotic  substances  on  the  course  of  experimental  oxygen 
starvation. 

Attempts  have  recently  been  made  to  substantiate  the  position  that 
there  are  two  aspects  to  the  effect  of  narcotics  In  oxygen  starvation: 
helpful  and  detrimental.  By  the  detrimental  effect,  we  mean  an  Increase 

-  2^1  » 


in  the  sensitivity  of  the  narcotized  organism  to  oxygen  starvation  and 

a  decrease  In  Its  resistance  to  it.  i 

1 

The  majority  of  studies  on  which  it  was  concluded  that  narcotics  ! 

\ 

i 

have  a  positive  effect  in  oxygen  starvation  were  performed  with  lethal 
degrees  of  hypoxia.  Here,  an  index  frequently  used  for  this  effect  was 
the  prolongation  of  the  narcotized  animals'  survival  time,  which  could 
nave  been  a  result  of  a  delay  in  extinction  of  the  narcotized  organism's 
functions  during  the  stage  of  irreversible  changes.  However,  in  experi- 
.ments  with  anemic  hypoxia  Induced  by  sodium  nitrite  administered  subcu¬ 
taneously  to  the  narcotized  animals,  the  increase  in  survival  time 
night  have  been  a  consequence  of  a  delay  in  its  infusion  into  the  blood 
stream. 

In  connection  with  the  circumstances  outlined  above,  we  made  it  our 
task  to  study  the  resistance  of  narcotized  animals  to  moderate  degrees 
of  oxygen  starvation.  Here  we  assumed  that  only  the  survival  rate  could 
be  used  as  a  dependable  index  to  the  organism's  resistance.  Since  narcot-' 
ics  have  been  used  in  oxygen  starvation  with  a  view  to  lowering  the  sen¬ 
sitivity  of  the  central  nervous  system  to  oxygen  insufficiency  and  limit-' 
ing  the  consun?)tlon  of  oxygen  by  the  tissues,  we  used  narcosis  of  medium 
iepth,  under  which,  in  contrast  to  light  narcosis,  we  could  expect  a 
ilgher  probability  of  both  a  decrease  in  the  sensitivity  of  the  central 
nervous  system  and  a  decrease  in  the  tissue  oxygen  consumption. 

Our  first  observations,  which  date  from  195^-1955»  indicated  a  dis¬ 
tinct  decrease  in  the  survival  of  narcotized  mice  in  anemic  hypoxia  In-  ^ 
iuced  by  the  administration  of  the  methemoglobln  forming  agent  sodium  \ 

i 

litrite.  Subcutaneous  injection  of  19  mg/kg  of  weight  resulted  in  the  ^ 
ieath  of  11.  of  the  control  mice.  Mice  that  had  been  narcotized  first 
iied  in  a  considerably  higher  percentage  of  cases  (Parmakol.,  tokslkol. 
Pharmacology  and  Toxicology],  No.  5>  1955»  page  2?).  I 
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Under  the  Influence  of  a  dose  of  1200  mg/kg  of  body  weight  of  ur¬ 
ethane,  Introduced  Intraabdomlnally,  the  fatality  rate  of  the  mice  on 
the  administration  of  the  same  sodium  nitrite  dose  Increased  to  6058, 
eind  under  the  Influence  of  chloral  hydrate  in  a  dose  of  ^00  mg/kg  to 
64. 85^.  An  increase  In  the  death  rate  of  the  mice  to  375^  was  also  observ¬ 
ed  under  the  influence  of  chloralose  administered  Intraaddomlnally  In  a 
dose  of  80  mg/kg  of  weight.  Codeine  phosphate,  a  substance  that  depress¬ 
es  the  central  nervous  system,  had  a  similar  effect. 

In  analogous  experiments  on  rats,  a  decrease  in  the  survival  rate 
of  the  narcotized  einlmals,  albeit  a  smaller  one,  was  also  observed.  A 
97-mg/kg  dose  of  sodium  nitrite  caused  death  of  control  rats  In  21,1% 
of  cases.  Rats  narcotized  with  urethane  at  the  same  level  of  hypoxia 
perished  in  37. Q%  of  cases,  while  those  narcotized  with  chloralose  per¬ 
ished  in  355^  of  cases. 

The  same  relationship  was  brought  out  in  experiments  on  cats,  to 
which  sodium  nitrite  was  administered  Intravenously  In  a  dose  of  25-26 
mg/kg  of  body  weight.  At  this  sodium  nitrite  dose,  four  cats  of  11  con¬ 
trol  animals  perished,  while  four  cats  out  of  six  that  had  been  narco¬ 
tized  with  urethane  expired  (Farmakol.  1  tokslkol..  No.  3,  1961,  page 
28). 

Experiments  were  performed  on  22  rabbits  In  a  moderate  degree  of 
hypoxic  hypoxia.  The  animals  breathed  through  masks  a  gas  mixture  con¬ 
taining  13. 4$^  of  oxygen  for  6-7.5  hours.  Five  control  animals  withstood 
respiration  of  this  gas  mixture  without  apparent  complications.  Respira¬ 
tion  remained  rhythmical  and  amplified  during  the  entire  experiment, 
with  a  marked  Increase  in  depth.  The  blood  pressure,  which  sometimes 
fell  off  toward  the  end  of  the  experiment,  remained  In  the  range  of  the 
initial  level  or  even  slightly  higher.  As  a  rule,  rabbits  that  have  been 
narcotized  with  urethane,  sodium  amytal  and  chloralose  died  in  hypoxic 


hypoxia  within  25  minutes  to  4.5  hours.  Of  ten  previously  narcotized 
rabbits,  only  two  survived  for  six  hours.  In  moderately  deep  urethane 
and  chloralose  narcosis.  All  seven  rabbits  to  which  sodium  amytal  and 
chloralose  were  administered  after  one  hour  of  hypoxia  died  between  1 
hour  and  2  hours  and  40  minutes  after  their  administration  (Arkhlv  | 

patol..  No.  3,  1962,  page  60) .  i 

I 

I 

Thus,  a  decrease  in  the  survival  rate  of  narcotized  animals  was 
observed  in  both  anemic  and  hypoxic  hypoxia,  but  it  was  more  distinct 
in  the  latter  form.  This  can  be  accounted  for  in  terms  of  a  number  of 
aspects,  but  the  principal  cause  probably  consists  in  the  fact  that  the  | 
hypoxic  hypoxia  did  not  diminish,  while  progressslve  reduction  of  the  | 
met hemoglobin  to  hemoglobin  resulted  in  a  gradual  diminution  of  the  ex¬ 
tent  of  oxygen  starvation. 

The  type  of  respiration,  level  of  blood  pressure,  and  the  contents 
of  oxygen  and  carbon  dioxide  in  the  arterial  blood  during  oxygen  star¬ 
vation  as  we  examined  them  in  the  experiments  on  cats  and  rabbits  indi¬ 
cated  sharper  deviations  from  the  initial  physiological  level  in  the 
narcotized  animals  as  compared  with  those  that  were  not  drugged. 

Intraabdominal  administration  of  sodium  amytal  to  the  rabbits  after 
one  hour  of  hypoxia  resulted  in  a  immediate  considerable  slackening  of 
respiration  in  some  of  the  cases.  Even  5  minutes  after  injection  of  the 
narcotic,  the  number  of  respirations  dropped  by  almost  half  (from  72  to 
38  respirations  par  minute) .  In  animals  not  suffering  from  oxygen  star¬ 
vation,  the  same  sodium  amytal  dose  produced  no  marked  change  in  respira¬ 
tory  frequency  during  this  time.  A  distinct  slackening  of  respiration  — 
an  indication  that  it  had  been  depressed  —  was  also  observed  at  the  time 
of  administration  of  sodium  nitrite  to  cats  under  urethane  narcosis. 

The  rhythm  of  respiration  was  also  disturbed  in  animals  that  had 
been  narcotized  with  sodium  amytal  and  chloralose.  We  observed  prolonged 
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periodic  respiration,  respiration  by  occasional  gasps.  Cheyne-Stokes 
respiration  developed  during  oxygen  starvation  under  chloralose  narcosis. 
The  respiratory  rhythm  was  not  disturbed  In  oxygen  starvation  In  ani¬ 
mals  that  had  not  been  drugged.  The  undulating  type  of  respiration  curve 
sometimes  observed  prior  to  the  experiment  and  at  ths  onset  of  hypoxia 
was  subsequently  replaced  by  uniform  respiration. 

Like  respiration,  the  blood  pressure  of  nondrugged  rabbits  was 
within  the  physiological  limits  during  oxygen  starvation.  Anemic  hypoxia 
In  undrugged  cats  proceeded  with  frequent  periods  In  which  the  excita¬ 
bility  was  elevated,  with  a  rise  In  the  blood-pressure  level.  In  cases 
In  which  the  cats  perished,  the  blood  pressure  dropped  during  the  phase 
of  temlnal  respiration. 

The  blood  pressure  was  lowered  on  combined  application  of  narcotics 
and  oxygen  starvation  In  either  sequence.  Injection  of  sodium  nitrite 
against  a  background  of  narcosis  resulted  In  a  very  slow  but  neverthe¬ 
less  distinct  decline  In  blood  pressure  during  administration. 

A  drop  In  blood  pressure  following  the  collapse  type  was  observed 
during  the  first  3-5  minutes  after  Injection  of  sodium  araytal  Into  rab¬ 
bits  against  a  background  of  hypoxia.  Following  Intraabdoralnal  adminis¬ 
tration  In  a  dose  of  100  ing/kg,  the  blood  pressure  dropped  by  38-60$^  of 
the  initial  level.  Under  chloralose  narcosis,  distinct  oscillations  of 
the  blood  pressure  corresponded  to  periodic  respiration. 

In  the  control  rabbits,  the  oxygen  saturation  of  the  arterial 
blood  had  fallen  on  the  average  f^’ora  93.5  to  76,2^  after  one  hour  of 
breathing  a  gas  mixture  containing  13.^5^  of  oxygen.  The  oxygen  satura¬ 
tion  of  the  arterial  blood  decreased  at  most  to  64. 4$^,  and  that  of  the 
venous  blood  to  2^.7%.  The  true  content  of  oxygen  in  the  arterial  blood 
diminished  on  the  average  by  2.‘;  volume-^  with  respect  to  the  initial 
level . 
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In  narcotized  rabbits,  extremely  low  Indices  were  noted  for  both 
the  percentage  oxygen  saturation  of  the  arterial  blood  and  the  oxygen 
contents  In  the  arterial  and  venous  blood  after  an  hour  of  breathing 
this  gas  mixture.  In  rabbits  drugged  with  sodium  amytal,  the  oxygen  sat-  ' 
uratlon  of  the  arterial  blood  decreased  during  this  time  to  26.75^  in  1 
some  cases,  while  the  corresponding  figure  for  the  venous  blood  was  i 

14.35^.  The  true  oxygen  content  decreased  considerably  in  certain  cases, 
amounting  to  3.9  volume-J^  for  the  arterial  blood  and  2.1  volume- for  I 
the  venous  blood. 

Manifest  shifts  in  the  blood  gas  balance  were  also  noted  in  drugged 
cats  not  subject  to  oxygen  starvation;  this  indicates  the  development 
of  hypercapnia  during  narcosis  and  a  tendency  toward  inslpient  hypoxia. 

To  evaluate  the  data  obtained,  we  consider  It  admissible  to  invoke 
the  basic  concepts  of  the  stability  of  the  organism  as  a  self- regulating 
system,  as  set  forth  by  the  biologist  Ashby,*  the  general  sense  reduces 
to  the  following. 

The  organism  resists  disturbance  by  diverse  environmental  factors 
by  virtue  of  Its  ability,  developed  over  the  course  of  evolution,  to 
control  Its  own  functions.  The  brain,  which  executes  the  highest  regula¬ 
tory  function,  was  developed  as  an  organ  for  adaptation  to  external  en¬ 
vironmental  conditions.  Regulation  has  the  purpose  of  maintaining  con¬ 
stancy  of  the  Internal  medium  within  certain  physiological  limits:  the 
body  temperature,  pH,  sugar  content  and  other  constants.  By  maintaining 
the  internal  medium  constant,  the  regulatory  system  thus  ensures  stabil¬ 
ity  of  the  organism  and  ultimately  its  survival.  Hence  the  death  of  the 
organism  Is  an  expression  of  the  impossibility  of  regulating  the  func¬ 
tions,  while  survival  Is  to  be  regarded  as  a  direct  indication  of  the 
organism's  stability. 


The  stability  of  an  organism,  which  characterizes  its  regulatory 


capabilities,  can  be  evaluated  on  the  basis  of  the  reaction  of  the  or¬ 
ganism's  various  syst«ns  to  stimuli.  An  irrefutable  proof  of  stability 
is  maintenance  of  functions  and  constants  within  the  physiological  lim¬ 
its,  together  with  rapid  return  of  the  functional  systems  to  ta'i  initial 
level  after  a  deviation  under  the  Influence  of  the  factorj  being  studied. 

In  accordance  with  these  conceptions,  our  collection  of  data  on 
the  reduced  survival  rates  of  the  drugged  animals  Ir.  oxygen  starvation, 
on  the  disturbances  of  the  rhythm  and  nature  of  respiration  In  these  an¬ 
imals,  the  drop  In  blood  pressure  and,  moreover,  the  Inability  of  the 
drugged  organism  to  maintain  a  high  level  of  oxygen  In  Its  arterial 
blood,  as  well  as  the  wide  fluctuations  of  Its  carbon  dioxide  content, 
all  Indicate  that  the  stability  of  the  organism  has  been  reduced  In 
this  state. 

These  concepts  provide  a  general  theoretical  explanation  for  the 
dragged  organism's  stability  decrease  during  oxygen  starvation.  To  the 
extent  that  the  brain,  which  performs  the  highest  regulatory  function, 
was  developed  as  an  organ  of  adaptation  to  environmental  conditions.  Its 
depression  by  narcotics  will  naturally  and  necessarily  result  In  a  de¬ 
crease  In  the  regulatory  capabilities  of  the  organism  during  oxygen  In¬ 
sufficiency. 

Our  data  Indicate  a  detrimental  Influence  of  narcotics  In  the  doses 
that  produce  anesthesia  of  moderate  depth,  when  they  are  administered 
In  oxygen  starvation.  We  have  noted  that  with  Increases  depth  of  narco¬ 
sis,  the  detrimental  effect  Is  amplified.  The  literature  contains  data 
Indicating  that  small  doses  of  narcotics  also  have  a  detrimental  Influ¬ 
ence. 

In  examination  of  the  data  on  the  positive  Influence  of  narcotics, 
our  attention  Is  first  drawn  to  the  Inconsistency  of  the  effects  obser¬ 
ved  In  almost  all  of  the  experiments.  In  some  cases,  amounting  occasion- 


ally  to  cMie  third,  a  decrease  rather  than  an  Increase  in  the  survival 
time  of  the  drugged  animals  in  lethal  hypoxia  was  observed.  In  occasion 
al  cases,  transitory  smemla  of  the  brain  in  drugged  animals  hastened 
their  death,  while  it  did  not  in  control  animals.  Survival  of  drugged 
animals  under  conditions  of  rapid  rarefaction  of  the  air  In  an  alti¬ 
tude  chamber  and  a  rapid  return  to  atmospheric  pressure  was  also  obser-  | 

i 

ved  only  in  s<Mne  cases. 

Moreover,  survival  of  scxne  of  the  drugged  animals  in  lethal  altl-  ' 
tude-chamber  hypoxia  was  observed  only  under  strJ  "^tly  defined  experimen¬ 
tal  conditions:  rapid  regulation  of  atmospheric  pressure,  l.e.,  restora¬ 
tion  over  a  short  time  Interval.  The  ability  of  some  of  the  drugged  rab¬ 
bits  to  survive  a  considerably  larger  number  of  transitory  anemias  of 
the  brain  was  also  observed  under  quite  specific  experimental  conditions 
—  in  experiments  with  anemia  lasting  15  sec.  It  is  possible  that  in  such 
ephemeral  anemia,  the  functional  stability  of  some  of  the  drugged  ani¬ 
mals  was  retained  by  the  stimulation  of  glycolysis  by  the  narcotics. 

As  regards  survival  of  scane  drugged  rats  with  tied- off  carotid  ar¬ 
teries  while  all  of  the  control  rats  died,  we  have  yet  to  satisfy  our¬ 
selves  that  thin  inconsistent  but  unquestionably  positive  effect  of  the 


narcotics  will  be  observed  In  representatives  of  other  animal  species 
and  in  other  forms  of  oxygen  starvation.  In  our  experiments  on  cats  to 
which  we  administered  the  minimal  lethal  dose  of  sodium  nitrite  (30  mg/ 
/kg),  neither  urethane  no”  sodium  an^tal  nor  chloralose  narcosis  to  mod¬ 
erate  depth  saved  the  animals  from  death. 

As  we  have  already  Indicated,  an  Increase  in  the  survival  time  of 
drugged  animals  or  an  Increase  in  their  ability  to  withstand  "altitude" 
in  the  low-pressure  chamber  was  frequently  noted  as  an  Indicator  of  pos¬ 
itive  effect,  but  it  is  one  ttiat  in  many  cases  may  be  a  result  of  pro¬ 
longation  of  the  terminal  period,  which  may  be  supported  basically  by 


f 
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glycolycls.  In  this  case,  therefore,  the  Influence  of  narcosis  on  the 
organism's  response  to  oxygen  Insufficiency  will  not  consist  In  a  di¬ 
rect  lowering  of  Its  sensitivity  to  oxygen  deficiency. 

In  experiments  with  tissue  hypoxia  Induced  by  cyanides,  survival 
of  previously  narcotized  animals  may  not  be  linked  directly  to  the  nar¬ 
cosis.  The  literature  points  to  the  possibility  that  the  cyanides  may 
be  rendered  Innocuous  by  bonding  to  "active”  or  phosphorylated  sugars, 
the  content  of  which  may  be  Increased  In  certain  forms  of  narcosis. 

Even  In  this  case,  the  Influence  of  narcosis  may  not  be  associated  with 
a  direct  lowering  of  the  organism's  sensitivity  to  hypoxia. 

Data  on  Improved  restoration  of  central  nervous  system  functions 
In  the  frog  after  anemlzatlon  under  the  Influence  of  narcotics  are  open 
to  question.  The  opposite  effect  has  been  noted  In  such  experiments. 

The  absence  of  a  consistently  positive  effect,  the  Justification  of 
certain  conclusions  on  the  basis  of  rigorously  defined  experimental  con¬ 
ditions  and,  furthermore,  the  arbitrary  evaluation  of  the  Individual 
data,  render  less  satisfactory  conclusions  to  the  effect  that  narcotics 
have  a  positive  effect  In  oxygen  starvation.  In  addition  to  the  short¬ 
comings  noted  and  the  sparsity  of  the  data  Indicating  a  certain  positive 
effect  from  the  use  of  narcotics,  our  attention  Is  drawn  to  the  fact 
that  experimental  Investigations  In  this  direction  have  not  been  suffi¬ 
ciently  elaborate,  falling  to  take  Into  account  chronic  hypoxia  and 
pathological  states.  This  prohibits  our  drawing  the  general  conclusion 
that  narcotics  have  a  positive  effect  In  oxygen  starvation  and  precludes 
extending  this  conclusion  to  the  case  of  clinical  practice.  The  proposi¬ 
tion  that  narcotics  have  a  two-sided  effect  In  oxygen  starvation  cannot 
be  regarded  as  a  definitive  solution  to  this  problem. 


Manu¬ 
script 

Page  [Footnote] 
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246  *U.R.  Eshbi  [Ashby],  Vvedeniye  v  kibernetiku  [Introduction  to 

Cybernetics],  1956. 
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THK  REFLEX  MECHANISM  OF  PERIODIC  RESPIRATION  IN  HYPOXIA 

A. I.  Khomazyak 
(Kiev) 

The  mechanism  of  periodic  respiration  has  been  examined  on  more 
than  one  occasion  In  specialized  research  Into  the  physiology  and  path¬ 
ology  of  breathing.  The  net  results  of  these  studies  are  generalized  In 
the  work  of  N.N.  Slrotlnln  (1933) j  D.  Holden  and  D.  Priestly  (1935)# 

K.  Helmans  and  D.  Cordler  (19^0),  M.V.  Serglyevskly  (1950),  M.Ye.  Mar¬ 
shak  (1961)  and  others.  There  will  probably  be  no  further  doubt  of  the 
general  statement  that  hypoxia  Is  the  most  frequent  cause  of  periodic 
respiration.  At  the  same  time,  the  specific  mechanisms  of  periodic  res¬ 
piration  remain  somewhat  neglected. 

The  hypothesis  most  widely  accepted  at  the  present  time  Is  that 
periodic  respiration  Is  a  result  of  changes  In  the  Interrelationships 
between  the  carbon  dioxide  and  oxygen  concentrations  in  the  blood.  Hypeiv 
ventilation  In  hypoxia  causes  hypocapnia,  which  results  In  lowered  excit¬ 
ability  of  the  respiratory  center  and  In  apnoea.  During  apnoea,  carbon 
dioxide  accumulates,  and  this  Is  a  condition  for  tne  appearance  of  the 
next  respiratory  cycle. 

Ya.M.  Brltvan  (19^0)  maintains  that  the  appearance  of  periodic  res¬ 
piration  Is  determined  by  the  functional  state  of  various  divisions  of 
the  central  nervous  system. 

The  former,  and  possibly  both,  of  the  standpoints  set  foi?th  above 
I  are  based  on  the  Idea  that  the  chemoreceptors  of  the  carotid  sinuses  are 
of  a  certain  Importance  In  reflex  stimulation  of  respiration  when  the 
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oxygen  partial  pressure  in  the  arterial  blood  decreases.  We  have  drawn 
attention  to  the  change  in  the  sensitivity  of  the  specific  regulators 
of  oxygen  tension  in  the  blood  and  the  consequent  change  in  the  basic  ^ 
role  of  reflex  inhibition  of  respiration  from  the  carotid  chemoreceptors  i. 
in  the  genesis  of  periodic  respiration. 

Experiments  were  set  up  on  8o  full-grown  dogs  weighing  from  8  to  ^ 
36  kg.  In  the  basic  exp=irlments,  we  used  morphine  (0.0025/kg)-chloralose 
(O.03O-O. 0100/kg)  narcosis  of  moderate  depth.  Using  a  Brody- Starling 
electrokymograph  and  a  six-channel  "Cardlovar"  instj.-,anent ,  we  made  syn-  ^ 
chronlzed  records  of  the  respiratory  pressure  fluctuations  in  the 
trachea  or  the  respiratory  excursions  of  the  rib  cage,  the  oxygen  satur¬ 
ation  of  the  blood  in  the  carotid  artery,  the  arterial  and  central  ven-  | 
ous  pressure,  and  the  pressure  in  the  chambers  of  the  heart  ana  the  pul-  | 
monary  artery  (electronic  manometers).  The  oxyhemograph  sensor  was  I 

mounted  in  a  tube  cuvette  tied  into  the  carotid  artery  before  the  left  | 
carotid  sinus.  | 

The  animals  breathed  2-105^  oxygen  in  nitrogen  through  a  wide  trach-  I 
eal  cannula  with  a  syst;era  of  valves  or,  in  another  version  of  the  exper¬ 
iments,  from  a  closed  bag  without  valves.  In  other  experiments,  period¬ 
ic  respiration  was  Induced  by  intravenous  injection  of  sodium  amytal, 
which  was  individually  dosed.  The  thorax  was  left  closed  In  all  of  the 
experiments,  and  the  pressure  in  the  chambers  of  the  heart  and  the  main 
blood  vessels  was  registered  through  catheters. 

The  general  reactions  on  the  part  of  respiration  and  circulation  on 
inspiration  of  gas  mixtures  containing  subnormal  oxygen  concentrations  i 
were  described  in  special  reports  (A. I.  Khomazyuk,  1961) .  The  reaction  1 
to  hypoxia  is  registered  after  the  oxygen  saturation  of  the  blood  in 


the  carotid  artery  has  fallen  —  respiration  is  sharply  intensified,  the 
force  and  frequency  of  the  heart  beats  increase,  the  arterial  pi^essure 
rises  in  the  aortal  circulatory  system,  and  the  systolic  pressure  rises  ! 
and  the  diastolic  pressure  decreases  in  the  pulmonary  artery.  The  aver-  j 
age  pressure  in  the  pulmonary  artery  is  subsequently  raised  as  a  result  ' 

f 

of  the  development  of  tissue  hypoxia.  | 
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After  a  short  period  of  hypoxia  (40-120  seconds),  l.e..  In  most  of 
the  experiments  before  respiration  was  depressed,  the  animals  were 
switched  to  respiration  of  air  or  oxygen.  The  first  breath  of  air  pro¬ 
duced  apnoea,  which  Intervenes  Immediately  after  the  oxygen  saturation 
of  the  blood  In  the  cartld  artery  has  been  raised.  The  oxygen  satura¬ 
tion  of  the  blood  never  reached  the  Initial  level  after  the  first 
breath  of  air,  but  stayed  considerably  below  It.  Consequently,  reflex 
Inhibition  Intervened  at  a  much-changed  sensitivity  threshold,  which 
had  appeared  against  a  background  of  hypoxia. 

During  the  period  of  apnoea,  the  oxygen  saturation  of  the  blood 
again  falls  off,  and  this  triggers  reflex  restoration  of  breathing.  The 
Increase  In  the  oxygen  saturation  of  the  blood  In  the  region  of  the  car¬ 
otid  chemore cep tors  again  Induces  apnoea.  Periodic  respl'^atlon  arises 
In  this  manner  In  all  experiments  as  the  animal  Is  brought  out  of  the 
hypoxic  state.  In  occasional  experiments,  this  phase  of  the  respiration 
Is  limited  to  a  few  periodic  cycles  or  only  two  or  three  periods  of  ap¬ 
noea,  after  which  the  sensitivity  of  the  receptors  to  oxygen  has  been 
restored. 

The  restoration  of  chemoreceptor  sensitivity  after  Inhalation  of 
the  oxygen-deficient  gas  mixture  has  been  stopped  can  be  traced  In  Fig. 
1.  Each  phase  of  respiration  Is  accompanied  by  a  rise  In  the  oxygen's 
saturation  of  the  carotid  blood  and  by  a  reflex  Inhibition  of  breathing. 
After  each  respiration  period,  the  Inhibition  threshold  rises  and  grad¬ 
ually  the  sensitivity  of  the  chemoreceptors  returns  to  normal.  Oxygen 
breathing  causes  stronger  Inhibition,  b'\t  the  sensitivity  to  oxygen  Is 
restored  more  rapidly  and  periodic  respiration  ceases.  As  we  know.  In¬ 
spiration  of  oxygen  restores  regular  rhytlun  to  the  respiration. 

Prolonged  hypoxia,  and,  to  an  even  greater  degree,  rapid  Intraven¬ 
ous  admlnlstratlai  of  narcotics  (particularly  barbiturates)  even  In 
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Pig.  1,  Male  dog,  weight  24  kg,  morphine-chloralose  narcosis.  Reaction 
of  respiration  and  circulation  In  recovery  period  after  Inspiration  of 
2.45^  oxygen  In  nitrogen.  Legend  for  curves  (top  to  bottom);  respiratory 
pressure  fluctuations  In  trachea,  pressure  In  pulmonary  artery  In  mm  Hg 
f electronic  manometer,  pressure  In  right  ventricle  of  heart  In  mm  Hg 
(electronic  manometer),  average  pressure  In  pulmonary  artery  In  mm  of 
water,  pressure  In  femoral  artery  In  mm  Hg,  oxygen  saturation  of  blood 
In  carotid  artery,  stimulus  time  marker;  5-second  time  mark. 

small  doses,  causes  persistently  periodic  respiration  (these  methods  of 
producing  periodic  respiration  are  used  most  frequently  by  experimenters. 
Figure  2  demonstrates  a  variant  of  periodic  respiration  that  arose  after 
fast  injection  of  chloralose.  In  this  case,  as  in  all  of  the  other  ex¬ 
periments,  we  can  trace  the  direct  and  Inverse  relationships  between 
respiration  and  the  oxygen  saturation  level  of  the  blood.  An  increase  in 
the  oxygen  saturation  of  the  blood,  which  does  not,  however,  reach  the 
normal  levels,  causes  an  Inhibition  of  respiration,  but  Immediately  af¬ 
terward  a  considerable  drop  in  the  saturation  restores  respiration.  Thus 
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It  Is  logical  to  conclude  that  a  change  in  the  partial  pressure  of  ox¬ 
ygen  rather  than  carbon  dioxide  produces  the  respiratory  periodicity. 

The  length  of  the  respiratory  periods  and  the  periods  of  apnoea  Is  de¬ 
termined  by  the  rate  of  change  of  the  oxygen  partial  pressure  In  the 
blood,  by  the  latent  period  of  the  chemoreceptor  reflexes  and  by  the  ex¬ 
tent  to  which  the  sensitivity  threshold  has  changed.  It  Is  highly  prob¬ 
able  that  a  change  In  the  functional  state  of  the  respiratory  center 
under  the  Influence  of  variations  In  the  carbon  dioxide  concentration 
In  the  blood  may  be  of  Importance  In  the  pathogenesis  of  periodic  res¬ 
piration.  It  Is  obvious,  however,  that  respiratory  periodicity  also 
arises  In  cases  of  lowered  ventilation  (overdoses  of  narcotics),  when 
the  periods  of  apnoea  cannot  be  accounted  for  In  terms  of  hypocapnia. 

To  analyze  the  reflex  mechanism  of  period  respiration,  a  series  of 
experiments  was  performed  with  administration  of  ganglionic  blocking 
agents  (4-8  mg/kg  of  hexamethonlum)  and  transection  of  the  vagus  nerves. 
Both  of  these  Interventions  failed  to  eliminate  completely  the  posslbll- 
lt2’  of  periodic  respiration  as  the  animal  was  coming  out  of  hypoxia. 

Bilateral  denervation  of  the  carotid  regions  prevented  the  appear¬ 
ance  of  regular  respiratory  per?~odl8m  of  the  Blot  or  Cheyne-Stokes  type. 
Profound  hypoxea  was  capable  In  these  experiments  of  depressing  and 
stopping  respiration.  After  Inspiration  of  the  oxygen- deficient  gas  mix¬ 
ture  ceased,  respiration  was  restored  progressively  without  phases  of 
Inhibition.  In  occasional  experiments.  Isolated  deep  "gasps”  or  an  Ir¬ 
regular  rhythm,  neither  of  which  could  be  regarded  as  regularly  periodic 
were  observed  against  the  background  of  progressive  respiratory  recovery 

The  Investigations  made  Indicate  a  direct  significance  for  reflex 
Inhibition  of  respiration  as  a  result  of  stimulation  of  the  carotid  si¬ 
nus  chemoreceptors  In  the  appearance  of  periodic  respiration  during  ex¬ 
perimental  hypoxic  hypoxia. 


Pig,  2.  Male  dog,  weight  l8  kg,  morphine- chloralose  narcosis.  Periodic 
respiration  after  rapid  administration  of  chloralose.  Legend  for  curves  ' 
(reading  down):  respiratory  fluctuations  of  pressure  in  trachea,  press¬ 
ure  in  left  ventricle  in  ram  Hg  (electronic  manometer),  pressure  in  pul- 
monary  artery  in  mm  Hg  (electronic  manometer),  oxygen  saturation  of 
blood  in  carotid  artery,  average  pressure  in  pulmonary  artery  in  mm  Hg, 
pressure  in  femoral  artery  In  mm  Hg,  average  central  venous  pressure, 
stimulus  time  marker,  5- sec  time  marker. 

It  Is  probable  that  a  kind  of  adaptation  of  the  carotid  chemorecep- 
tors  takes  place  during  hypoxia  —  manifesting  in  a  sharp  decrease  in  the 
"upper'*  threshold  of  their  sensitivity,  i.e.,  sensitivity  to  elevation 
of  the  oxygen  saturation  of  the  blood.  The  threshold  of  serisltlvlty  to 
hypoxemia  must  obviously  be  regarded  as  higher,  In  any  event,  we  have  an 
example  of  a  paradoxical  reaction  when  a  slight  increase  in  the  oxygen 
saturation  of  the  blood  against  a  background  of  acute  hypoxemia  causes 
reflex  Inhibition  and  periodicity  of  respiration,  frequently  also  in 
synchronism  with  changes  in  blood  circulation. 

We  suggest  that  the  considerations  set  forth  above  cannot  come  into' 
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conflict  with  other  data  on  the  Importance  of  the  various  divisions  of 
the  nervous  system,  including  the  brain  cortex,  in  the  pathogenesis  of 
periodic  respiration,  although  the  specific  carotid  chemoreflex  is  the 
proximate  mechanism  by  which  the  respiratory  periodicity  arises  in  hy¬ 
poxia,  We  have  not  studied  the  participation  of  chemoreceptors  in  the 
aortic  arch  nor  that  of  other  oxygen- sensitive  receptors.  In  accordance 
with  conceptions  of  their  Importance  in  regulating  respiration,  we  may 
advance  the  hypothesis  that  they  also  participate  in  this  mechanism. 


ON  THE  REGULATION  OF  GAS  EXCHANGE  IN  HYPOXEMIA 


A.D.  Slonlm 
(Leningrad) 

The  problem  of  the  changes  that  arise  in  gas  metabolism  i’lring  hy¬ 
poxemia,  and  particularly  those  that  occur  in  the  process  of  short-term 
or  long-term  acclimatization  in  the  mountains,  is  of  considerable  Inter¬ 
est.  On  the  one  hand,  this  is  due  to  the  fact  that  the  level  of  oxygen 
consumption  is  a  criterion  of  the  oxygen  requirement  of  the  tissues  and, 
consequently,  may  determine,  for  a  given  oxygen  saturation  of  the  blood, 
the  degree  to  which  the  tissues  are  suffering  from  oxygen  starvation.  On 
the  other  hand,  the  level  of  oxygen  consumption  reflects  the  rate  of  the 
vital  processes  in  the  organism,  and  their  variations  under  the  influ¬ 
ence  of  oxygen  insufficiency.  These  two  aspects  of  the  problem  as  a 
whole,  although  they  can  be  substantiated  by  a  considerable  amount  of 
factual  material,  still  require  examination  from  all  aspects  as  problems 
of  metabolic  regulation  and  its  evolution  due  to  the  extreme  contradic¬ 
tions  found  among  the  data  obtained  by  different  Investigators. 

At  the  present  time  we  have  at  our  disposal  three  groups  of  facts 
(research  trends),  working  with  which  we  can  illuminate  this  problem  In 
experiment  and  under  the  conditions  of  the  natural  life  of  animals.  The 
first  group  establishes  relationships  in  the  changes  of  energy  expendi¬ 
tures  and  oxygen  requirement  by  the  organism  as  a  whole  during  short¬ 
term  expei'imental  disturbances.  The  general  conclusion  drawn  from  these 
numerous  experimental  data*  is  the  fact  that  In  experimentally  Induced 
hypoxia,  the  oxygen  consumption  Is  held  at  a  constant  level  up  to  a  cer- 
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tain  limit,  after  which  gas  metabolism  begins  to  fall  off.  In  homoio- 
thermal  organisms,  this  latter  effect  is  always  accompanied  by  a  consid¬ 
erable  drop  in  body  temperature.  It  has  been  established  by  the  investi¬ 
gations  of  Dzhayya  and  Dzhellneo  (1938)  and  Dzhayya  and  Markovich  (1950, 
1955)  that  there  is  an  intimate  relationship  between  the  threshold  value 
of  oxygen  partial  pressure  and  the  temperature  of  the  medium  at  which  a 
lowering  of  the  organism's  oxygen  requirement  begins. 

This  "barocoefficient "  is  the  ratio  between  the  oxygen  requirement 
per  1  kg  of  weight  per  hour  and  the  oxygen  partial  pressure  in  mm  Hg. 

The  data  of  Dzhayya  and  his  co-workers,  which  were  obtained  on  labora¬ 
tory  rats.  Indicate  Irrefutably  that  the  oxygen  requirement  drops  signi¬ 
ficantly  faster  than  the  oxygen  partial  pressure  as  the  temperature  of 
the  environment  is  lowered,  i.e.,  as  the  oxygen  requirement  resulting 
from  chemical  heat  regulation  Increases. 

Fa^'ts  testifying  to  an  increase  in  the  general  stability  of  the  or¬ 
ganism  ("altitude  celling")  and  a  drop  in  its  oxygen  consumption  under 
the  combined  action  of  hypoxea  and  high  environmental  temperature  had 
been  obtained  even  earlier  in  our  laboratory  by  N.A.  Arkhangel ' skoy 
(19^9).  However,  such  relationships  are  far  from  alwyas  observed  in 
short-term  subjection  to  oxygen  starvation.  Certain  investigators  have 
described  the  so-called  hypoxic  paradox  —  a  phenomenon  in  which  a  rise 
in  oxygen  consumption  is  observed  in  response  to  a  lowering  of  the  par¬ 
tial  pressure  in  the  environmental  medium.  This  has  teen  observed  in 
dogs  and  in  humans.  The  hypoxic  paradox  has  been  accounted  for  in  terms 
of  an  increase  in  the  activity  of  the  respiratory  musculature  and  the 
Intensity  of  blood  circulation,  such  as  usually  occurs  in  acute  hypoxia. 
Thus,  examination  of  the  experimental  data  does  not  lead  us  to  any  def- 
Inate  conclusions  if  we  limit  ourselves  to  experiments  on  the  usual  lab¬ 
oratory  animals  (rats,  dogs)  or  to  data  from  studies  of  humans.  For  all 
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of  these  organisms,  a  hypoxic  medium  —  in  its  varying  degrees  —  and  the  I 
hypoxemia  that  arises  In  ret’  onse  do  not  constitute  an  adequate  stlmu-  1 
lus.  Depending  on  the  reaction  of  the  auxiliary  systems  —  respiration  i 

i 

and  blood  circulation  —  there  occurs  either  an  Increasu  or  a  decrease  In  I 

i 

gas  exchange.  In  deeper  uegrees  of  hypoxemia,  we  observe  the  relation-  j 

ships  expressed  by  the  Dzhayya  ”baroco efficient"  presented  above.  A  con-  ( 

1 

I 

slderable  correction  has  recently  been  Introduced  Into  this  scheme  as  a  \ 
result  of  the  Investigations  made  In  our  laboratory  by  K.P.  Ivanov  (I959)i 

I 

{ 

who  established  a  definite  relationship  betv:een  the  oxygen  requirement 
at  various  stages  of  hypoxia  and  the  electrical  activity  of  the  skele¬ 
tal  musculature.  lu  these  experiments,  which  were  performed  on  rabbits 
without  anesthesia,  it  was  shown  that  in  deep  degrees  of  hypoxemia,  a 
sharp  decrease  in  oxygen  requirement  is  accompanied  by  a  simultaneous 
sharp  decrease  In  the  electrical  activity  of  the  skeletal  musculature. 

In  the  presence  of  the  hypoxic  paradox,  the  electrical  activity  of  the 
muscles  Is  found  to  be  enhanced,  and  unchanged  when  the  oxygen  require¬ 
ment  remains  steady.  Consequently,  the  changes  in  gas  exchange  during 
hypoxemia  are  based  not  only  on  a  shift  in  respiration  and  blood  circu¬ 
lation,  but  also  the  state  of  excitation  of  the  skeletal  musculature  — 
the  ten5>erature-regulatlon  tonus.  As  has  been  shown  by  the  investigations 
of  K.P.  Ivanov,  these  excitation  states  of  individual  muscle  fibers, 
which  have  no  extej?nal  manifestation,  result  in  a  considerable  rise  In 
gas  metabolism  in  the  Individual  muscle  when  studied  in  situ,  and  also 
in  a  simultaneous  enhancement  of  gas  metabolism  in  the  organism  as  a 
whole  (Ivanov,  i960).  Consequently,  the  reaction  of  the  general  metabol¬ 
ism  to  hypoxemia  depends  021  the  excitation  state  of  the  skeletal  muscu¬ 
lature  . 

If  In  laboratory  animals  hypoxemia  produces  a  rather  wide  variety 
of  changes  In  gas  metabolism,  then  It  would  be  natural  to  seek  an  answer 
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to  the  problem  posed  by  investigating  animals  for  which  llmitathon 
oxygen  supply  is  an  adequate  stimulus.  It  has  been  established  by  exper¬ 
imental  studies  made  in  our  laboratory  by  L.G.  Filatova  (1958>  196l) 
that  in  many  wild  animals,  for  example,  in  the  yellow  suslik  and  the 
long-eared  hedgehog,  the  oxygen  requirement  rises  by  36-45^  during  a 
"trip  up"  in  the  altitude  chamber.  Both  of  these  mammalian  species  hi¬ 
bernate  —  l.e.,  they  enter  a  state  accompanied  by  considerable  hypoxemia 
and  a  simultaneous  decline  in  gas  metabolism.  However,  the  hypoxic  para¬ 
dox  occurs  when  hypoxemia  Is  created  in  the  low-pressure  chamber.  Conse¬ 
quently,  this  method  of  Inducing  hypoxemia  is  not  an  adequate  stimulus 
for  the  animals  in  question  —  a  stimulus  capable  of  producing  a  drop  in 
the  demand  for  oxygen.  The  latter  has  been  found  possible  only  by  the 
use  of  ways  of  inducing  hypoxemic  states  that  are  adequate  for  the  indi¬ 
vidual  species  of  animals. 

It  had  been  established  as  long  ago  as  the  1946-1958  investigations 
of  L.G.  Filatova  that  when  the  hedgehog  curls  up  into  a  ball  a  consider¬ 
able  drop  in  oxygen  consumption  (by  43/^)  is  observed.  It  was  also  found 
that  the  saturation  of  the  arterial  blood  at  this  time  drops  to  12^  by 
volume  of  oxygen.  The  data  obtained  by  A.F.  Davydov  (1961)  indicate  a 
close  relationship  between  the  described  changes  in  gas  metabolism  in 
the  hedgehog  and  the  pattern  of  skeletal-musculature  electrical  activity 
On  curling  up  into  a  ball,  the  hedgehog  shows  an  Increase  in  the  blocur- 
rents  of  its  circular  skin  musculature  and  a  drop  in  the  electrical  ac¬ 
tivity  of  the  femoral  muscles.  Consequently,  even  in  this  case,  a  drop 
in  gas  metabolism  is  observed  against  a  background  of  lowered  muscle 
tone.  However,  this  effect  is  observed  only  on  a  stimulus  adequate  to 
the  hedgehog  (an  Increase  in  the  dead  space  of  the  respiratory  tracts 
on  curling  up).  Jt  is  possible  that  we  have  here  comilex  reflex  relation 
ships  among  individual  muscle  systems  (Slonlm,  I961).  Another  example  oi' 


a  drop  in  gas  metabolism  can  be  found  in  the  gas-exchange  depression  re¬ 
cently  studied  by  our  colleagues  A.F.  Davydov  and  A.R.  Makarova  during 
diving  (immersion  in  water)  in  the  seal.  It  was  shown  in  these  investi¬ 
gations  that  short-term  immersion  of  a  young  seal  (in  the  stage  of  devel¬ 
opment  in  which  diving  takes  place)  causes  a  355^  decrease  in  oxygen  con¬ 
sumption.  The  recovery  period  after  10  minutes  of  immersion  is  found  to 
be  very  short  (no  longer  than  5  minutes),  after  which  we  observe  a  drop 
in  the  level  of  metabolism.  An  investigation  of  the  skeletal-muscle  bio- 
irrents  during  immersion  showed  a  sharp  drop  in  the  tone  of  the  muscula¬ 
ture.  It  is  observed  only  at  the  point  at  which  pulmonary  respiration 
ceases  (the  head  goes  under)  and  is  reflex  in  nature.  A  sharp  slackening 
of  the  pulse  is  noted  simultaneously. 

Thus,  both  curling  up  for  the  hedgehog  and  driving  into  water  for 
the  seal  produce  a  half  drop  in  the  organism's  demand  for  oxygen,  an  ef¬ 
fect  that  cannot  be  interpreted  in  any  other  way  than  as  a  phenomenon  of 
profound  adaptation  to  hypoxemia  that  has  developed  in  the  course  of  ev¬ 
olution. 

A  second  group  of  research  results  concerning  the  effect  of  hypoxe¬ 
mia  on  gas  metabolism  encompasses  data  obtained  during  short-term  so¬ 
journs  of  human  beings  and  animals  in  the  mountains.  The  numerous  facts 
extracted  at  various  times  by  the  various  investigators  point  to  a  slight 
Increase  in  gas  metabolism  in  man,  accompanied  by  an  increase  in  pulmonary 
ventilation.  Subsequently,  these  changes  smooth  out  and  the  basic  metab¬ 
olism  in  the  mountains  returns  for  all  practical  purposes  to  the  levex 
normal  for  the  lowlands  (Bykov  and  Martinson,  1933;  Slonim  et  al.,  19^9; 
Bedalova,  1959;  Khurtado,  1959,  and  others).  Only  under  the  conditions 
of  Tien-Shan  have  a  number  of  Investigators  established  a  rather  persist¬ 
ent  depression  of  basal  metabolism  in  man.  This  drop  in  basal  metabolism 
is  accompanied  by  a  decrease  in  the  erythrocyte  count  in  the  blood,  low- 
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ered  blood  pressure,  and  reduced  pulmonary  ventilation.  These  phenomena 
are  expressed  particularly  distinctly  at  altitudes  of  1500-1750  ni.  On 
ascent  to  higher  altitudes,  the  level  of  gas  metabolism  rises  somewhat, 
although  it  remains  depressed  in  a  number  of  cases  (Slonim  et  al.,  19^9; 
Slonlm,  1952;  Fantalls,  196O;  Filatova,  195^,  196I;  Mirrakhlmov,  1962), 
an  effect  linked  by  a  number  of  investigators  (Slonim,  1962;  Filatova, 
1961 ;  Mlrrakhlmov,  1962)  with  a  depression  of  the  thyroid  function  under 
the  conditions  of  the  Tlen-Shan  mountains.  Our  attention  is  also  drawn 
to  the  fact  that  under  the  conditions  of  the  Caucasus  at  the  same  alti¬ 
tudes,  we  observe  a  rise  in  gas  metabolism  and  blood  stream  time  and  an 
Increase  in  the  erythrocyte  count  and  hemoglobin  content  (Bedalova,  1959# 
1962) .  The  phenomenon  of  thyroid-function  depression  in  animals  and  hu¬ 
mans  in  Kirgizia  has  been  established  by  a  number  of  authors  (Akhunbaev, 
1957;  Malyshev,  1958#  Turmambotov,  1959)*  It  should  be  noted  that  gas- 
metabolism  changes  in  the  mountains  cannot  reflect  solely  the  influence 
of  hypoxemia,  since  simultaneously  with  the  ascent  into  the  mountains, 
the  temperature  of  the  environment  also  drops  significantly.  The  latter 
has  a  stimulating  effect  on  gas  metabolism,  and  even  if  it  remains  con¬ 
stant,  this  is  not  yet  enough  to  Justify  including  the  absence  of  a  de¬ 
pressive  effect  of  hypoxemia  on  gas  metabolism.  Nor  was  any  drop  in  gas 
metabolism  observed  in  rodents  indigenous  to  high  altitudes  (Slonim, 

1962) . 

In  this  connection,  it  is  of  great  interest  to  examine  the  changes 
in  gas  metabolism  that  occur  in  farm  animals  in  the  mountains  —  great¬ 
horned  cattle,  horses  and  sheep.  In  these  animals  (mature),  according  to 
a  number  of  Investigators  (Rlttsmann  and  Benedlkt,  1938;  Akhmedov,  I958; 
Makarova,  1955;  Romanovskaya,  196O;  Slonim,  i960,  and  others),  there  is 
no  chemical  temperature  regulation  at  all  in  a  zone  of  moderate  environ¬ 
mental  temperatures.  Under  these  conditions,  therefore,  the  influence  of 
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hypoxemia  Is  not  masked  by  the  stimulation  of  metabolism  that  occurs  on  I 
cooling.  I 

A  considerable  drop  in  the  oxygen  saturation  of  the  blood  of  sheep  : 
In  the  mountains  was  first  noted  by  Hall,  Dill  and  Barron  (1936),  and 
subsequently  studied  In  detail  by  Z.I.  Barbashova  and  A.G.  Glnetslnski  | 
(19^2).  The  latter  authors  were  the  first  to  advance  the  hypothesis  of  ^ 
areactlve  acclimatization,  /hose  foundation  is  the  change  In  the  tissue  ^ 
processes  rather  than  stimulation  of  respiration,  blood  circulation  and  » 
hema to genesis.  The  data  of  Barbashova  and  Glnetslnski  have  been  confirm-  ' 
ed  In  our  laboratory  by  R.P.  Ol'nyanskaya  et  al.  (19^6,  19^9)  on  sheep,  | 
and  then  by  other  Investigators  —  Arav  (i960),  A.N.  Yevdakov  (195^),  and  { 
Ye.P.  Basenko  (1958)  —  on  sheep,  by  A.P.  Kostin  (1958)  on  great-horned  ^ 
cattle,  and  by  Yu.O.  Raushenbakh  (1958)  on  horses  and  sheep. 

The  nature  of  the  physiological  reactions  In  acclimatization  to  al¬ 
titudes  Is  different  for  different  species  and  breeds  of  animals.  Thus, 
for  example,  the  depression  of  gas  exchange  at  altitude  Is  more  distinct 
In  local  fat-tailed  sheep  as  compared  with  lowland  thin- fleeced  sheep. 
Mongrel  thln-fleeced  sheep  of  various  generations  occupy  an  Intermediate 
position  (Ol'nyanskaya  et  al.,  19^6,  19^9).  Thus,  the  tissue  areactlve 
type  Is  more  characteristic  to  breeds  of  animals  that  have  adaptation  to 
mountain  conditions.  Closely  related  data  were  obtained  by  Yu.O.  Rau¬ 
shenbakh  (1958)  on  horses  when  they  were  driven  through  the  mountains 
from  an  altitude  of  2000  to  an  altitude  of  3OOO  m  above  sea  level.  In  a 
lowland  group  of  horses,  the  respiratory  frequency  and  pulse  rate  were 
found  to  be  higher  than  In  the  foothill  and  mountain  groups.  Also  appar- 
antly  of  great  Importance  Is  the  Initial  background  (altitude)  from  v/hlch 
the  animals  are  taken  up  into  the  mountains.  This  problem  has  not  yet 
been  studied. 

A.P.  Kostin  (1958)  established  that  when  great-horned  cattle  of  tte 


Red  Prairie  [steppe]  and  Kuban'  Black  Sea  breeds  were  driven  up,  the  re¬ 
laxation  of  respiration,  blood  circulation  and  hematogenesls  was  much 
better  expressed  in  the  lowland  Red  Prairie  cattle  than  in  the  Kuban 
Black  Sea  animals,  which  have  long  been  breed  in  the  foothills  of  th^ 
Northern  Caucasus.  Age- connected  differences  were  also  observed:  calves 
of  the  Red  Prairie  breed  showed  a  type  of  altitude  acclimatization  ap¬ 
proximating  the  areactlve  type,  with  smaller  shifts  on  the  part  of  res¬ 
piration,  blood  circulation  and  hematogenesls  as  compared  with  the  full- 
grown  cattle. 

Of  great  Importance  in  the  analysis  of  all  these  data  is  the  fac¬ 
tor  of  nutrition  on  the  high-mountain  pastures.  Generous  foddering  wjth 
green  vegetation  stimulates  the  formation  of  hemoglobin  in  the  animals 
(as  compared  with  wintertime  conditions  in  the  stall).  Hence  in  evalua¬ 
ting  the  data  obtained,  Ic  is  necessary  to  compare  with  control  groups 
that  have  been  left  at  lowland  altitudes  under  the  same  feeding  condi¬ 
tions  . 

The  third  group  of  factors,  as  yet  the  smallest  in  number,  concerns 
long-term  acclimatization  of  animals  and  humans  to  the  mountains.  The 
majority  of  researchers  indicate  that  the  level  of  metabolism  remains 
unchanged  during  long-term  acclimatization  in  permanent  residents  of  the 
middle  and  high  mountains  (Khurtado,  1959;  S.M.  Bedalova;  Kravchuk,  1962). 
Under  these  conditions  it  is  necessary  to  take  into  account  the  Influence 
of  low  temperatu'^e,  of  which  we  spoke  above.  This  might  possibly  account 
for  a  certain  rise  in  gas  metabolism  that  is  usually  observed  under  these 
conditions  (+9-125^)  .  A  drop  in  basal  metabolism  was  also  ob  ■»rved  by 
M.M,  Mlrrakhlmov  (1962)  and  I. A.  Fantalis  (i960)  in  year-round  inhabi¬ 
tants  of  the  Tien- Shan. 

As  yet,  research  material  on  animals  is  extremely  sparse.  R.P.  01'- 
nyanskaya  (19^9)  observed  sheep  of  lowland  origin  over  a  number  of  gener- 
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I 

atlons  at  an  altitude  of  2600  ra.  The  areactlve  acclimatization  type  was  | 

observed,  with  a  decrease  In  metabolic  level,  frequency,  erythrocyte  1 

i 

count  and  hemoglobin  content.  It  goes  without  saying  that  research  must  | 
be  continued  In  this  direction,  even  though  the  periodic  driving  of  the 

animals  Into  the  mountains  limits  opportunities  for  this  very  severely.  \ 

( 

The  nonuniform  reactions  of  animals  of  different  species,  with  | 
their  different  origins  (ecogenesls)  and  degrees  of  acclimatization  to 

I 

mountain  conditions,  advances,  as  a  biological  problem  of  major  impor¬ 
tance,  the  search  for  a  mechanism  by  which  the  tissue  processes  can 
adapt  to  low  barometric  pressure.  The  question  also  arises  as  to  whether 
we  should  regard  the  drop  in  oxygen  consumption  that  takes  place  in  the 
mountains,  and  the  consequent  phtinomena  of  so-called  areactlve  adapta¬ 
tion,  as  the  objective  of  physiological  phenomena  directed  toward  adjust¬ 
ing  the  organism  to  the  environment  under  these  essentially  extreme  con¬ 
ditions. 

The  facts  set  forth  above  suggest  that  the  suppression  of  tempera¬ 
ture-regulation  tone  is  one  of  the  universal  mechanisms  by  which  the 
oxygen  adapts  to  oxygen  starvation.  While  such  a  drop  In  gas  metabolism 
Intervenes  only  at  very  low  oxygen  partial  pressures  In  animals  with 
poor  adaptation  to  these  conditions,  for  example.  In  rabbits,  which 
moves  these  phenomena  closer  to  Dzhayya's  "initial  pressure,"  the  same 
drop  In  demand  for  oxygen  sets  In  In  animals  with  good  adaptation  to 
mountain  conditions  even  on  relatively  slight  hypoxemia  —  for  example, 
at  the  medium  altitudes  and  relatively  moderate  muscular  loads  encount¬ 
ered  In  summer  pasture.  However,  we  do  not  yet  have  at  our  disposal  data 
on  the  changes  In  temperature-regulation  tone  In  the  mountains  In  ani¬ 
mals  and  man.  This  Important  problem,  which  represents  Indisputably  a 
gap  In  our  knowledge,  requires  circumstantial  study. 
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258  *A.D.  Slonlm,  Trudy  konferentsln  po  vysokogor'yu  [Transactions 

of  Conference  on  the  High  Mountains],  Frunze,  19c2,  page  327. 
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ON  THE  PROBLEM  OF  DECOMPENSATION  AND  COMPENSATION 


OF  THE  HUMAN  RESPIRATORY  FUNCTION 
Ye.N.  Domontovlch 
(Moscow) 

It  Is  known  that  the  hypoxic  or  respiratory  form  of  hypoxia  is  gov¬ 
erned  by  a  drop  In  the  oxygen  partial  pressure  in  the  inspired  air,  and 
by  pathological  changes  In  the  respiratory  system  that  Interfere  with 
gas  exchange. 

Research  has  been  concentrated  for  the  most  part  on  the  phenomena 
connected  with  Inadequate  oxygen  supply  to  the  organism.  Less  attention 
has  been  given  to  the  development  of  the  pathological  process  in  the 
respiratory  system,  which  may  considerably  aggravate  and  sometimes  com¬ 
pensate  to  some  extent  for  the  phenomena  due  to  Inadequate  access  of 
oxygen  to  the  organism.  This  has  been  shown  In  the  studies  of  N.N.  Sav¬ 
itsky,  A. A.  Tregubov,  B.Ye.  Botchal  and  T.I.  Bibikova,  Kompo,  Kurnan, 

Ross 'ye  and  others. 

Research  carried  out  in  our  laboratory  over  the  course  of  the  last 
three  years  (l.A.  Panchenko,  L.G.  Malyshev,  M.A.  Chapllk)  have  been  de¬ 
voted  to  physiological  analysis  of  the  phenomena  that  develop  during 
pathological  processes  in  the  respiratory  system.  They  were  performed  on 
Individuals  suffering  from  chronic  bronchitis,  pneumosclerosis  and  em¬ 
physema  at  vailing  levels,  as  well  as  on  patients  who  had  survivied  sur¬ 
gical  collapse  and  resection  interference  occasioned  by  pulmonary  tuber¬ 
culosis,  l.e.,  on  patients  with  chronic  Injuries  to  the  lungs  and  respir¬ 
atory  tracts.* 

Indicators  characterizing  resistance  to  respiration,  alveolar  venti¬ 
lation  and  certain  other  conditions  of  pulmonary  gas  exchange  were  stud- 
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led.  The  rate  of  expiration,  the  composition  of  alveolar  air  and  a  num¬ 
ber  of  other  indicators  were  determined  simultaneously  with  respiration 
of  the  activity  currents  of  the  respiratory  muscles  and  the  dynamics  of 
the  arterial  blood. 

The  studies  were  performed  using  various  functional  tests.  Study  of 
the  dynamics  of  ventilation  and  pulmonary  gas  exchange  (BCflau  spirograph), 
also  under  varying  sets  of  conditions,  was  combined  with  registration  of 
the  dynamics  of  blood  oxygen  saturation  and  other  factors.  Thus,  several 
physiological  functions  were  registered,  and  this  facilitated  discern¬ 
ment  of  the  mutual  relationships  among  the  observed  phenomena. 

The  investigations  performed  indicated  that  hypoxia  apparently  pro¬ 
duced  by  topological  processes  of  identical  nature  (chronic  bronchitis, 
pneumosclerosis  and  emphysema)  nevertheless  had  various  mechanisms  of 
disturbance  to  respiration  at  its  worst.  In  one  group  of  cases  ^ in  chron¬ 
ic  bronchitis,  pneumosclerosis  and  manifest  secondary  emphysema  of  the 
lungs),  distinct  criteria  of  alveolar  hypoventilation,  obviously  govern¬ 
ed  by  the  resistance  to  the  air  current  in  the  respiratory  tracts  due  to 
their  chronic  irritation  and  secondary  changes  in  the  elasticity  of  the 
pulmonary  tissue  (emphysema)  were  detected.  Here  were  registered  a  delay 
in  expiration.  Increased  residual  volume,  a  change  in  the  composition  of 
the  alveolar  air  toward  a  lower  oxygen  content  and  an  Increase  in  the 
carbon  dioxide  partial  pressure.  A  change  in  the  partial  pressures  of  the 
gases  in  the  alveoli  —  particularly  in  the  case  of  oxygen  —  always  re¬ 
sults  in  contraction  of  the  pulmonary  arterlals  and  a  rise  in  pressure 
in  the  pulmonary  circulation  (Euler  and  Llllenstrand) .  In  our  observa¬ 
tions,  this  was  supported  by  the  signs  of  change  in  the  right  half  of 
the  heart,  as  registered  on  the  electrocardiogram. 

Simultaneously,  the  alveolar  hypoventilation  resulted  in  Incomplete 
arterlallzatlon  of  the  blood.  The  causal  relationship  between  these  pro¬ 
cesses  was  confirmed  by  the  fact  that  inspiration  of  oxygen,  which  elim¬ 
inated  the  alveolar  hypoventilation,  also  completely  eliminated  the  hy- 


poxemla . 


We  felt  It  necessary  to  ascertain  the  degree  to  which  the  set  of  I 
phenomena  described  above  was  actually  related  to  Increased  respiratory  | 
resistance  in  patients  of  this  category.  Our  Judgments  In  this  matter  • 

I 

were  based  on  data  obtained  during  registration  of  the  activity  currents 

i 

of  the  respiratory  muscles,  which  was  done  at  rest  and  during  functional 
tests.  In  ccmiblnatlon  with  determination  of  the  aspiration  rate  and  the 
size  of  the  dead  volume  (Pig.  l).  It  was  found  that  the  biocurrents  of 
the  intercostal  muscles,  which  are  elevated  even  at  rest  In  these  Ill¬ 
nesses,  rose  sharply  on  Imposition  of  additional  respiratory  resistance, 
as  well  as  during  work.  The  hypoxemia  also  became  more  pronounced.  The 
Increase  In  activity  was  more  significant  during  the  Inspiration  phase, 
which,  according  to  Campbell,  Is  always  a  proof  of  Increased  respiratory 
resistance,  since  Its  purpose  is  to  overcome  the  latter. 

L.L.  Shlk  and  I. A.  Morozova,  noting  the  Increase  in  the  activity  cur¬ 
rents  of  the  respiratory  muscles  In  pulmonary  emphysema,  also  concluded 
that  It  was  connected  with  resistance  to  respiration.  The  Importance  of 
respiratory  resistance  has  also  been  confirmed  by  the  fact  that  Inspira¬ 
tion  of  oxygen,  which  eliminates  hypoxemia,  only  partially  reduced  the 
bioelectric  activity  of  the  respiratory  muscles.  Thus,  It  had  become 
quite  obvious  that  an  Increased  resistance  to  respiration  due  to  aspects 
of  the  development  of  the  pathological  process  Itself  was  at  bottom  of 
the  complex  of  pathological  phenomena  that  we  observed  In  the  patients 
studied.  It  was  precisely  this  that  gave  rise  to  the  complex  chain  of 
mutually  Involved  pathological  reactions.  It  Is  appropriate  to  note  that 
the  patients  whom  we  studied  were,  as  a  rule,  poorly  adapted  to  physical 
work,  and  that  the  gas-metabolism  Indicators  obtained  on  them  showed  con¬ 
siderable  deviations  from  what  they  should  have  been. 

We  are  far  from  regarding  the  respiratory  function  disturbances 
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iMIllG  NOT 
REPRODUCIBLE 


Pig.  la.  Patient  L.  Chronic  bronchitis,  moderate  pneumosclerosis,  dis¬ 
tinct  emphysema  of  the  lungs.  Activity  currents  of  respiratory  muscles 
at  rest.  1;  Activity  currents  of  Intercostal  muscles;  2)  activity  cur¬ 
rents  of  external  oblique  muscle  of  abdomen;  3)  pneumogram;  4)  time  mar¬ 
ker,  i  sec.  The  EKG  is  seen  superimposed  on  the  electromyogram  in  this 
figure  and  in  all  figures  ;;o  follow.  MVL  of  par,  rate  of  forced 
expiration  5^$^  of  ZhYeL  1.;  1  sec,  residual  volume  535^  of  OYeL.  The  alve¬ 
olar  air  contained  7^  carbon  dioxide  and  12. 6$^  oxygen.  The  oxygen  satur¬ 
ation  of  the  blood  at  rest  was  88^,  100^  during  oxygen  breathing  and  8^ 
during  work.  The  oxygen  dlfflclency  (47$^)  was  not  compensated  for  10 
minutes.  A)  300  M-v. 

OIUPIjIGNOT 
REPRODUCIBlf 

Fig.  lb.  Patient  0.  Chronic  bronchitis,  mild  pneumosclerosis,  moderate 
pulmonary  emphysema.  Action  currents  of  resoiratory  muscles  at  rest. 
Legend  items  1,  2,  3  same  as  for  Fig.  la:  4)  time  marker,  0.1  sec.  MVL 
765I  of  par,  rate  of  forced  expiration  of  ZhYeL  in  1  sec,  residual 
volume  325^  of  OYeL.  Composition  of  alveolar  air:  5.4^  carbon  dioxide, 
lU.3^  of  oxygen.  Oxygen  saturation  of  the  blood  87^  at  rest,  9^  during 
oxygen  breathing  and  3%  during  work.  The  oxygen  deficiency  {27%)  was 
compensated  in  5  min.  Action  currents  of  the  respiratory  muscles  were 
not  registered.  A;  100  uv. 


described  solely  as  the  result  of  mechanical  impediment  of  air  flow  In 
the  tracheobronchial  tre.- .  Here  there  is  no  question  that  regulatory  dis¬ 
turbances  are  also  of  importance. 

It  is  highly  probable  that  chronic  Inflammatory  processes  in  the 
I  respiratory  tracts  and  lungs  are  accompanied  by  changes  in  reactivity, 
functional  Instability  and,  as  is  characteristic  for  altered  tissues, 
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I 

t 

I 

I  show  the  parabiotic  type  of  reaction  to  pulses  to  the  central  nervous 

I 

system  (N.Ye  Vvedenskiy,  M.V.  Latmanlzova) .  The  pathological  processes 

I 

I 

^  are  undoubtedly  accompanied  by  a  change  In  the  peripheral  nervous  appar¬ 
atus  In  the  respiratory  tracts  and  lungs.  In  tuberculosis,  this  has 
been  established  by  P,L.  Abramson,  R.Yu.  Drabklna,  ard  others.  Such 
changes  may  cause  pathological  afferentatlon  of  the  respire <.ory  center 
and  change  Its  functional  state.  As  we  know,  a  change  In  the  anglorecep- 
tors  of  the  aortic  arch  In  atherosclerosis  gives  rise  to  a  change  In 
tiiC  state  of  the  vasomotor  center  (V.I.  Plllstovich) .  Proliferation  and 
atrophy  of  the  angloreceptors  has  been  observed  In  rheumatism  (V.K.  Bel- 
etskly);  these  effects  may  be  due  to  subversion  of  the  vasomotor  regula¬ 
tion  (L.N.  Pankova). 

There  were  substantial  differences  In  the  manner  In  which  the  res¬ 
piratory  function  changed  In  another  group  of  patients  studied.  As  re¬ 
gards  the  nature  of  the  pathological  process,  they  were  distinguished 
by  the  fact  that  chronic  bronchitis  In  these  patients  was  accompanied 
by  pneumosclerosis,  while  the  emphysema  was  Insignificant  or  mild.  De¬ 
termination  of  the  residual  volume  and  alveolar-air  composition  on  such 
patients  showed  no  substantial  deviations  from  the  norm,  and  their  ex¬ 
piration  rates  were  also  normal.  Respiratory  muscle  action  currents  were 
not  registered  at  rest  or  were  very  weak;  when  additional  respiratory 
reslsteuice  was  Imposed,  and  during  work,  we  noted  Irregular  and  slight 
Increases  In  these  quantities  (Plg.  2a). 

Taken  together,  the  results  of  the  Investigation  make  It  obvious 
that  In  this  group  of  patients,  there  Is  no  consistent  increase  In  res¬ 
piratory  resistance,  so  that  they  did  not  develop  alveolar  hypoventila¬ 
tion.  The  changes  In  gas  exchange  could,  obviously  enough,  have  been  on¬ 
ly  local  In  nature,  as  Is  characteristic  for  pneumosclerot Ic  areas;  they  ( 
could  easily  have  been  compensated  by  the  undamaged  parts  of  the  lungs. 
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But  how  to  explain  the  occurrence  of  arterial  hypoxemia  In  these? 
First  of  all,  the  nature  of  the  functional  tests,  for  example,  the  In¬ 
significance  of  the  Increase  In  oxygen  saturation  of  the  blood  In  oxygen 
breathing.  Is  already  sufficient  to  suggest  hypoxemia  of  a  different  na¬ 
ture  as  compared  with  that  of  the  first  group  of  patients.  This  has, 
moreover,  been  confirmed  by  literature  data.  As  we  know,  ramifications 
of  the  pulmonary  artery  are  brought  Into  the  pathological  process  in 
sclerosis  of  the  Interstitial  tissue,  and  the  pulmonary  circulation  Is 
modified.  Among  other  things,  anastomoses  between  precapillary  pulmonary 
arteries  and  veins  (I.V.  Davydovskiy,  I.K.  Yeslpcva)  and  loop-type  ar¬ 
teries  (A.V.  Ryvklnd)  form  In  the  sclerotic  patches.  But  since  the  col¬ 
lateral  blood  flow  Is  not  effective  as  regards  gas  metabolism,  hypoxemia 
develops  In  such  patients.  At  the  same  time,  the  collateral  blood  flow 
compensates  to  a  certain  extent  the  pulmonary  hypertension  that  could 
develop  as  a  consequence  of  the  shortening  of  the  bloodstream.  In  actual 
fact,  the  electrocardiograms  of  such  patients  show  no  signs  of  changes 
In  the  right  heart.  It  Is  necessary  to  note  that  these  patients  were 
well-:  dapted  to  work  and  no  substantial  deviations  of  their  gas-metabol- 
Ism  Indicators  were  noted  during  it. 


Pig.  2a.  Patient  Sh-n.  Condition  after  resection  of  upper  part  of  rignt 
lung  (2  years  and  6  months  later).  Action  currents  of  intercostal  mus¬ 
cles  at  rest,  l)  Action  currents  of  right  intercostal  muscles;  2)  action 
currents  of  left  intercostal  muscles;  3)  pneumogram;  4)  0.1- sec  time  mar 
ker.  MVX  50^^  of  par,  rate  of  forced  expiration  96^  of  ZhYeL  in  1  sec,  re 
sldual  volume  40^^  of  OYeL.  Oxygen  saturation  of  blood  90%  at  rest,  94^^ 
during  oxygen  breathing  and  h%  during  physical  labor.  Oxygen  shortage 
(32%)  eliminated  In  7  min.  A)  100  pv. 


Thus,  examination  of  two  groups  of  patients  indicated  that  the 
changes  in  their  respiratory  functions  were  not  identical,  and  that  the 
pathogenesis  of  the  disturbances  is  a  function  of  aspects  of  the  patho¬ 
logical  process.  These  investigations  were  helpful  in  bringing  out  cer¬ 
tain  aspects  of  the  Influence  of  Increased  respiratory  resistance  and 
the  resulting  changes  in  pulmonary  hemodynamics  on  the  respiratory  func¬ 
tion.  Also  brought  out  were  certain  peculiarities  in  the  bloodstream 
changes  —  features  associated  with  pneumosclerosis  and  obviously  of  an 
adaf'tlve  nature.  The  In^jresslon  was  created  that  these  mechanisms  are 
not  equivalent  as  regards  pathophysiological  significance. 

For  more  con^lete  orientation  to  the  nature  and  importance  of  these 
phenomena,  we  examined  patients  who  had  undergone  economic  and  extensive 
pulmonary  resections  in  connection  with  tuberculosis.  These  investiga¬ 
tions  showed  (and  this  was  common  to  the  majority  of  patients  observed) 
the  absence  of  signs  of  resistance  to  the  air  stream  in  the  respiratory 
tracts  —  the  rate  of  forced  expiration  and  the  residual  volume  did  not 
deviate  substantially  from  par,  while  the  action  currents  of  the  respir¬ 
atory  muscles,  which  were  registered  at  rest  and  during  work,  did  not, 
as  a  rule,  deviate  from  th(.‘  corresponding  figures  in  healthy  control 
persons.  Only  in  occasional  cases  did  we  note  insignificant  changes  in 
the  electromyogram  on  the  side  of  the  operation.  Here,  according  to  x-ray 
data,  the  pleural  deposits  and  adhesions  that  were  always  observed  — 
which  were  responsible  for  local  variations  in  the  elasticity  of  the 
lungs  —  did  not  Influence  the  alveolar  ventilation,  obviously  for  the 
same  reasons  as  in  pneumosclerosis.  Nevertheless,  arterlalization  of  the 
blood  was  lower  in  a  number  of  cases,  even  in  spite  of  oxygen  breathing. 
The  entire  combination  of  physiological  indicators  suggested  that  here, 
as  in  pneumosclerosis  of  the  lungs,  the  hypoxemia  is  a  result  of  an  in¬ 
creased  admixture  of  venous  blood.  In  these  cases  the  source  of  the 


-  274  - 


latter  could  have  been  arteriovenous  anastomoses  In  the  zones  of  pulmon¬ 
ary  tissues  that  had  undergone  fibrous  modification  as  a  result  of  a 
specific  process  (Blazl  and  Katena),  as  well  as  arteries  of  the  loop 
type,  which  were  detected  by  V.S.  Zhdanov  In  pleural  adhesions. 

To  obtain  satisfactory  Information  as  to  the  Importance  of  Increas¬ 
ed  aerodynamic  resistance  In  the  development  of  respiratory  insufflcien- 
cy,  a  group  of  patients  with  massive  sutures  and  pleural  deposits  and 
with  advanced  fibrosis  of  the  pulmonary  tissue  was  studied.  Characteris¬ 
tic  for  this  group  of  Individuals  was  the  presence  of  profound  changes 
In  the  elastic  properties  of  the  tissues.  Together  with  this,  and  in 
contrast  to  chronic  bronchitis  and  secondary  obstructive  emphysema,  they 
showed  no  substantial  Increase  in  tracheal  bronchial  resistance.  These 
were  patients  with  resections  of  part  of  the  lung  that  had  been  preceded 
by  an  extensive  tuberculous  process,  as  well  as  patients  with  corrective 
thoracoplasty.  Those  studied  also  Included  several  persons  on  whom  thora¬ 
coplasty  had  been  effective. 

Morphological  studies  made  by  V.S.  Zhdanov  Indicate  that  In  sclero¬ 
sis  of  ^he  pleurae  and  Interlobular  septa,  zones  of  pumonary  tissue  are 
found  to  be  Inclosed  In  fibrous  rings,  so  that  the  functional  activity 
of  the  lungs  Is  restricted  —  particularly  that  of  their  subpleural  di¬ 
visions.  The  pleural  deposits  result  in  the  development  of  subpleural 
emphysema,  l.e..  In  a  local  decrease  in  the  elasticity  of  the  lungs.  In 
thoracoplasty,  the  fibrous  changes  in  the  pulmonary  parenchyma,  while 
obviously  aggravating  these  phenomena,  are  still  not  accompanied  by  dis¬ 
tinct  diffuse  changes  In  the  respiratory  tracts.  All  of  these  persons 
showed  manifest  Intensification  of  the  respiratory  muscle  action  cur¬ 
rents,  preferentially  on  the  side  on  which  the  operation  had  been  per¬ 
formed,  l.e.,  exactly  where  the  x-rays  indicated  there  were  massive  ad¬ 
hesions  and  pleural  deposits  and.  In  some  cases,  fibrous  changes  in  the 
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lung  (Pigs.  2a  and  2b). 


Pig.  2b.  Patient  S.  State  after  slnistral  thoracoplasty  (6  years  later). 
Action  currents  of  Intercostal  muscles  at  rest.  Legend  same  as  for  Pig. 
2a.  MBL  68ji  of  par,  rate  of  forced  respiration  875^  of  ZhYeL  in  1  sec. 

In  the  alveolar  air:  5.^5^  carbon  dioxide,  1^.3%  oxygen.  Oxygen  satura¬ 
tion  of  blood  915^  at  rest,  9^^  during  oxygen  breathing  and  4$^  during 
physical  work.  Oxygen  deficiency  (34^)  eliminated  in  6  min.  A)  100  p-v. 

Consequently,  the  changes  in  the  electromyograms  of  these  patients 
were  associated  with  changes  In  the  elastic  properties  of  these  tissues 
and,  possibly,  also  with  constant  tension  of  the  respiratory  muscles 
due  to  deformation  of  the  rib  cage.  This  Idea  is  supported  by  the  rela¬ 
tively  uniform  and  constant  intensification  of  the  biccurrents  over  the 
entire  course  of  the  respiratory  cycle.  The  latter  may  be  a  consequence 
of  a  change  In  the  afferentatlon  of  the  respiratory  center  as  a  result 
of  constant  stimulation  of  proprioceptors  of  the  respiratory  muscles  and 
the  Interoceptors  of  the  pleura  and  lungs.  Let  us  note  that  the  changes 
in  the  electromyogram  were  asymmetric  and  predominantly  on  the  side  of 
the  operation.  Another  proof  of  the  reflex  nature  of  the  phenomena  des¬ 
cribed  above  wasjth§  fact  that  oxygen  breathing,  which  reduced  the  hypoX' 
emla  to  some  degree,  had  no  influence  at  all  on  the  bioelectric  activity 
of  the  Intercostal  muscles.  It  is  possible  that  the  pleurothoracic  re¬ 
flex,  which  has  Its  closure  at  the  level  of  the  cervical  and  thoracic 
segments  of  the  spinal  cord,  acquired  a  certain  significance  here  (D.A. 
Kocherga) . 

The  above  phenomena,  together  with  the  modified  rate  of  expiration, 


residual  volume  and  gas  composition  of  the  alveolar  air,  indicate  that 
in  these  cases  the  resistance  to  respiration  is  due  not  to  diffuse 
changes  :.n  bronchial  freedom  of  passage  and  an  increased  aerodynamic 
resistance,  factors  detrimental  to  the  exchange  of  air  and  gases,  but 
to  a  decrease  in  the  elastic  properties  of  the  lungs  and  pleura  and  a 
change  in  the  tone  of  the  respiratory  muscles.  These  changes  have  their 
own  distinctive  features  and  are  responsible  for  the  local  disturbance 
to  the  respiratory  mechanics. 

The  nonuniformity  of  pulmonary  gas  exchange,  which  was  scarcely 
perceptible  at  rest  in  this  group  of  patients,  became  more  distinct  un¬ 
der  physical  load.  The  latter  frequently  produced  a  deviation  of  the 
gas-exchange  indicators,  one  associated  with  inadequate  adaptability  to 
the  work. 
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Fig.  3.  Patient  I-v.  Condition  after  resection  of  left  lung  (2  years  la¬ 
ter).  Action  currents  of  Intercostal  muscles.  Legend  same  as  for  Pig.  2a. 
ZhYeL  48^,  MVL  57^  of  par;  rate  of  forced  expiration  85^  of  ZhYeL  in  1 
sec.  Composition  of  alveolar  air:  carbon  dioxide  5.2^,  oxygen  14.6^.  Ox¬ 
ygen  saturation  of  blood  91%  at  rest,  96%  during  oxygen  breathing  and 
under  physical  load.  Oxygen  deficiency  (32^)  made  up  over  6  min.  A) 
100  dv. 

All  of  the  above  satisfies  us  that  the  increase  in  aerodynamic  re¬ 
sistance  is  an  important  factor  in  the  disturbance  to  the  respiratory 
functions  and,  consequently,  in  the  development  of  hypoxia.  Its  mechan¬ 
isms  are  also  brought  out  to  some  degree. 

In  patients  that  have  undergone  removal  of  a  lung,  a  slight  and  ir- 
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regular  Increase  In  the  arterial  pressure,  one  that  could  not  be  ellmln-  | 
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Inated  by  breathing  oxygen,  was  noted  during  rest.  The  biocurrents  of  j 

i 

the  resjplratory  muscles  were  also  Increased  very  slightly  and  irregular-  j 

i 
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ly  while  these  patients  were  resting,  and  only  on  that  side  of  the  rib 
cage  opposite  from  that  on  which  the  operation  had  been  performed.  This 
Is  apparently  a  compensatory  reaction  whose  purpose  is  to  amplify  the 
ventilation  of  the  remaining  lung  (Plg.  3)>  and  could  have  been  stimu¬ 
lated  by  a  drop  In  the  oxygen  partial  pressure  in  the  arterial  blood. 

No  other  substantial  deviations  In  the  respiratory  function  at  rest  were 
observed  (with  the  exception  of  a  reduction  In  certain  respiratory  vol¬ 
umes)  .  During  work,  however,  these  persons  developed  considerable  hypox¬ 
emia  —  the  drop  In  arterlallzatlon  of  the  blood  reached  9-1^5^.  We  observ¬ 
ed  "work  hypoxemia"  of  such  distinctness  only  In  certain  patients  with 
considerable  pulmonary  emphysema.  In  these  cases,  we  regarded  it  as  a 
result  of  acceleration  of  blood  flow  and  shortening  of  the  time  of  con¬ 
tact  between  the  alveolar  air  and  the  blood  of  the  pulmonary  capillaries 
as  a  result  of  the  shortening  of  the  pulmonary  bloodstream  by  the  des¬ 
tructive  process. 

During  work,  the  action  currents  of  the  respiratory  muscles  were 
Intensified  only  slightly  In  pneumectomlzed  patients.  This  also  attested 
to  a  different  nature  for  the  "work  hypoxemia"  in  these  patients  as  com¬ 
pared  with  those  suffering  from  secondary  emphysema.  This  would  mean 
that  a  completely  different,  specialized  "work  hypoxemia"  mechanism 
went  Into  operation  on  pulmonectomy .  It  Is  obvious  that  in  these  cases, 
despite  the  opening  and  possibly  even  the  formation  of  additional  capil¬ 
laries  In  the  remaining  lung,  as  reported  by  Monal'di,  I.K  Yesipova  and 
Ye.V.  Ryzhkov,  Its  vascular  network  Is  inadequate  to  accommodate  the  per- 
mlnute  blood  volume,  which  has  been  Increased  as  a  result  of  the  exer¬ 
tion.  As  a  result,  some  of  it  Is  shunted  into  the  veins  through  arterio- 
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venous  and  anastomoses,  bypassing  the  pulmonary  capillaries  and  thereby 
taking  some  of  the  load  off  the  pulmonary- artery  system.  However,  It 
would  appear  that  this  Is  not  the  only  cause  of  the  significant  level 
of  "work  hypoxemia"  observed.  It  Is  necessary  to  assume  that  the  per- 
mlnute  volume  of  the  blood,  which  Is  Increased  as  a  result  of  exertion. 
Is  so  out  of  correspondence  with  the  capacity  of  the  vascular  tract  of 
the  single  lung  that  the  pressure  In  the  pulmonary  artery  system  rises 
sharply.  It  comes  to  exceed  the  pressure  In  the  bronchial  arteries.  Un¬ 
der  such  conditions,  poorly  arteriallzed  blood  may  move  out  of  the  pul¬ 
monary  artery  through  arterloarterial  anastomoses  and  enter  the  bron¬ 
chial  arteries,  something  that  Is  compensated  to  a  certain  degree  by 
pulmonary  hypertension,  but  the  hypoxemia  rises  sharply  simultaneously 
with  this.  We  are  aware  that  experimental  proofs  of  the  operation  of  ar¬ 
terloarterial  anastomoses  on  ligature  of  the  pulmonary  artery  are  given 
In  the  work  of  Alley  et  al.  The  presence  of  a  certain  degree  of  pulmon¬ 
ary  hypertension  In  pulmonectomlzed  patients  Is  confirmed  by  changes  In 
the  right  heart  that  are  registered  on  the  electrocardiogram.  Also  ap¬ 
parently  to  be  explained  In  terms  of  pathogenetic  peculiarities  Is  the 
fact  that  In  these  patients,  the  changes  In  pulmonary  gas  exchange  under 
moderate  exertion  were  frequently  indistinctly  manifest.  Intensifying 
ao  the  load  was  Increased. 

Summarizing  the  facts  set  forth  above,  we  can  state  that  In  the  in¬ 
tricate  set  of  phenomena  that  develop  on  Injury  to  the  lungs,  the  in¬ 
crease  In  resistance  to  respiration  must  be  acknowledged  to  have  basic 
Importance.  Here  the  tracheobronchial  resistance,  which  triggers  a  com¬ 
plex  chain  of  phenomena  aggravating  the  hypoxea,  is  most  important.  The 
change  In  pulmonary  hemodynamics  must  be  singled  out  from  among  these 
as  having  prime  importance.  The  distinctive  nature  of  the  changes  in 
pulmonary  hemodynamics  produced  by  the  pathological  processes  was  Indl- 


Gated  earlier. 


The  high  importance  of  tracheobronchial  resistance  In  the  develop¬ 
ment  of  hypoxia  is  obviously  a  result  not  only  of  Its  Influence  on  the 
intrapulmonary  processes.  Data  available  to  us  suggest  that  the  pecul¬ 
iarities  of  respiratory  regulation  have  unquestionable  significance 
here.  However,  this  problem  requires  a  special  examination. 

We  must  not  omit  mention  of  yet  another  Interesting  fact  —  the  ab¬ 
sence  of  a  direct  and  consistent  relationship  between  the  presence  of 
hypoxemia  and  the  capacity  of  the  patients  for  physical  work.  It  was 
found  that  this  capacity  Is  lowered  when  the  hypoxemia  Is  due  to  alveo¬ 
lar  hypoventilation  and  is  not  limited  to  the  case  In  which  the  lowered 
arterialization  of  the  blood  Is  a  "esult  chiefly  of  collateral  blood 
flow.  Thus,  it  has  become  obvious  th'»t  hypoxemia  as  such  cannot  be  an 
unfailing  indication  of  oxygen  starvation  In  the  organism  without  deter¬ 
mination  of  its  nature.  In  this  phenomenon  we  perceive  adaptive  changes 
in  the  tissue  processes. 
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268  ^Patients  In  the  therapeutic  ward  (Prof.  L.I.  Pogel'son,  direc¬ 

tor)  under  the  observation  of  Candidate  of  Technical  Sciences 
O.V.  Lebedeva  and  Physician  T.P.  Sldorklna  and  patients  In  the 
tuberculosis  ward  (Prof.  S.Ye.  Nezlln,  director),  who  were  un¬ 
der  the  observation  of  Candidate  of  Medical  Sciences  S.V.  Mel¬ 
amed,  were  studied. 
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THE  ROLE  OF  RESPIRATION  THROUGH  THE  SKIN  IN  COMPENSATING  DIFFICULT  OR 

DISTURBED  PULMONARY  GAS  EXCHANGE  IN  MAN 
N.M.  Pet run’ 

(Kiev) 

As  we  know,  cutaneous  respiration  plays  an  extremely  Important  role 
in  lower  animals  in  supplying  the  organism  with  oxygen  and  dissipating 
carbon  dioxide.  In  the  process  of  evolution,  as  the  various  functions 
and  systems  of  the  organism  were  perfected,  cutaneous  respiration  be¬ 
came  Inadequate  and  has  been  gradually  replaced  by  the  superior  pulmon¬ 
ary  respiration.  In  man  at  normal  environmental  temperatures,  the  organ¬ 
ism's  exchange  of  gases  with  the  external  medium  is  accomplished  58-99/^ 
through  pulmonary  respiration  and  only  1~2^  through  cutaneous  respira¬ 
tion. 

It  has  been  shown  by  a  number  of  investigations  (Lavoisier,  1777; 
Foyt,  1878;  A. A.  Mlttel 'shtedt,  193^;  A.B.  Lekakh  et  al.,  1935;  N.K. 
Witte,  19^3>  and  others)  that  during  residence  of  a  human  under  the  con¬ 
ditions  of  high  temperature  of  the  surrounding  air,  pulmonary  gas  ex¬ 
change  shows  a  slight  decrease. 

Thus,  N.K.  Witte  (19^3)  undertook  special  Investlgatlcns  to  clear 
up  the  question  as  to  whether  the  heat  production  of  a  man  performing 
physical  labor  involving  various  degrees  of  exertion  changes  as  the  air 
temperature  rises  from  10  to  ^5°.  It  was  established  that  in  the  perform¬ 
ance  of  a  given  physical  task  (requiring  moderate  or  heavy  exertion), 
heat  production  rises  slightly  simultaneously  with  a  rise  in  air  temper¬ 
ature  to  35° •  At  a  higher  air  temperature  (45°),  however,  heat  production 


falls  off,  and  diminishes  further  the  heavier  the  physical  work:  in 
work  requiring  moderate  exertion,  heat  production  diminishes  by 
while  during  heavy  work  it  falls  off  by  15- 17$^  of  the  Initial  values. 

It  is  difficult  to  accept  the  idea  that  the  rate  of  metabolism  in 
the  organism  decreaoes  in  the  performance  of  a  given  physical  task  at 
a  higher  air  temperature,  i.e.,  that  the  organization  works,  as  it  were, 
with  a  smaller  expenditure  of  energy.  The  hypothesis  that  arose  from 
this  was  that  at  high  air  temperature,  the  role  of  respiration  through 
the  skin  might  increase,  so  that  not  all  of  the  carbon  dioxide  produced 
in  the  organism  is  excreted  and  not  all  of  the  oxygen  is  absorbed  by 
the  lungs  and  registered  through  the  respiratory  gas  exchange.  This  hy¬ 
pothesis  was  confirmed  in  investigations  that  we  conducted  specifically 
for  this  purpose,  studying  cutaneous  respiration  in  the  human  under  var¬ 
ious  tenqperature  conditions.  The  results  of  these  investigations  indica¬ 
ted  that  while  the  absorption  of  oxygen  and  excretion  of  carbon  dioxide 
through  the  skin  are  Increased  by  a  factor  of  2-2.2  at  rest  with  the  air 
tempei'ature  elevated  to  40°,  this  increase  in  respiration  through  the 
skin  reaches  significant  levels  during  the  performance  of  physical  work: 
1.6-8  and  10%  of  the  pulmonary  gas  exchange,  i.e.,  it  Increases  more 
than  six  fold. 

If  the  data  that  we  obtained  on  cutaneous  respiration  are  combined 
with  those  of  N.K.  Witte  (1943)  on  gas  exchange  through  the  lungs  in  man 
in  the  resting  state  and  during  the  performance  of  physical  labor  at  var¬ 
ious  air  ten5)eratures,  then  it  is  found  that  no  decrease  in  heat  produc¬ 
tion  occurs  at  high  air  temperature  either  in  Individuals  performing 
physical  labor  or  in  individuals  in  a  state  of  rest  (see  Table) . 


Data  on  Human  Heat  Production  at  Var¬ 
ious  Air  Temperatures  (in  %) ,  Obtain¬ 
ed  with  Account  of  Oxygen  Absorption 
through  the  Skin 
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In  physical  labor,  therefore,  we  observe  an  apparent  decrease  in 
heat  production,  the  more  so  as  the  aii  temperature  rises.  This  is  ac¬ 
counted  for  by  an  increase  in  gas  exchange  through  the  skin  and  is  a  re¬ 
sult  of  failure  to  take  the  latter  into  account  in  determining  heat 
production  by  way  of  the  respiratory  gas  exchange.  In  actuality,  the  in¬ 
crease  in  heat  production  at  elevated  air  temperature  is  the  same  (for 
the  same  physical  work)  as  in  the  state  of  rest. 

Subsequently,  we  carried  cut  special  investigations  to  study  the 
Influence  of  elevated  oxygen  concentrations  in  the  air  surrounding  the 
skin  on  the  rate  at  which  it  penetrates  the  skin  and  on  the  extent  of 
pulmonary  gas  exchange.  The  entire  body  of  each  test  subject,  with  the 
exception  of  the  head,  was  closed  in  a  lightweight  diving  suit  in  which 
an  elevated  oxygen  concentration  was  produced  (70-80%).  The  results  of 
these  studies  indicated  that  the  absorption  of  oxygen  through  the  en¬ 
tire  surface  of  the  skin  averaged,  in  the  state  of  rest,  5^07  +  412 
cmvhour,  while  the  amount  of  carbon  dioxide  excreted  was  only  96.5  + 

+  7.1  cmvhour.  If  these  data  are  compared  with  figures  for  gas  exchange 
through  the  skin  in  a  man  under  normal  environmental  conditions,  it  is 
observed  that  the  quantity  of  oxygen  absorbed  by  the  skin  is  33  times  as 
large,  while  the  amount  of  carbon  dioxide  excreted  is,  to  the  contrary, 
45^  smaller  than  the  normal  value. 


At  the  same  time,  one  hour  of  residence  of  the  test  individuals  in 
the  diving  suit  with  Its  elevated  oxygen  content  also  had  a  considerable 
influence  on  the  oxygen  requirement  of  the  lungs.  The  absorption  of  oxy¬ 
gen  by  the  lungs  gradually  declined,  and  was  255^  smaller  even  30  minutes 
after  the  beginning  of  the  experiment;  after  an  hour.  It  had  dropped  by 
31%  of  the  Initial  value.  No  substantial  change  was  noted  here  In  the 
amount  of  carbon  dioxide  excreted  by  the  lungs.  Nor  did  the  oxygen  sat¬ 
uration  of  the  arterial  blood  show  any  significant  change;  however,  the 
oxygen  content  In  the  venous  blood  Increased  considerably. 

If  we  take  Into  account  the  Increase  in  oxygen  diffusion  through 
the  skin  and  the  decreased  consumption  of  this  gas  by  the  lungs.  It  Is 
found  that  In  actuality,  almost  no  changes  take  place  In  the  human's 
oxygen  consuii?)tlon  under  the  conditions  described  earlier.  This,  In  turn, 
attests  to  an  extensive  ability  to  compensate  pulmonary  respiration, 
which  sometimes  tends  to  fall  behind,  by  gas  exchange  through  the  skin. 

The  above  suggests  that  a  human  organism  placed  under  conditions 
of  existence  to  which  It  Is  not  accustomed  will  amplify  Its  cutaneous 
respiration  considerably,  and  this  will  compensate  for  various  degrees 
of  Impediment  to  the  pulmonary  gas  exchange.  This  path  by  which  oxygen 
enters  the  organism  may  also  be  effective  In  such  states  of  the  orgardsm 
as  asphyxia,  hypoxia  and  a  number  of  pathological  processes  (skin  dis¬ 
orders,  pulmonsuTy  tuberculosis,  cardiac  Insufficiency,  burns,  and  so 
forth) . 

In  their  observations  of  blood  circulation  and  carbon-dioxide  and 
oxygen  diffusion  through  the  skin  of  a  stump  and  a  healthy  extremity, 

A  0.  Zhlronkln  and  Ye.G.  Zykina  (19^8)  observed  that  when  the  blood  cir¬ 
culation  through  the  blood  vessels  of  the  stump  Is  artificially  Impeded, 
a  considerable  Increase  In  oxygen  diffusion  Into  the  tissues  through  the 
skin  takes  place.  If,  however,  the  factor  Interfering  with  blood  clrcula- 
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tlon  continues  to  operate, 


larger  quantity 


then  the  oxygen  absorbed  l:i 
through  the  skin  Is  no  longer  capable  of  compensating  the  Increasing 
hypoxia  of  the  stump  clssues.  As  a  result,  the  m.etabolism  of  the  tissues 
is  subverted  at  a  certain  degree  of  hypoxia.  It  acquires  a  desoxidatlve 
nature,  and  this  results  in  a  decrease  In  the  formation  and  excretion  of 
carbon  dioxide. 

In  a  study  of  cutaneous  respiration  in  persons  suffering  from  cer¬ 
tain  dermatltides  (sun  eczema,  the  discoid  form  of  red  lupus,  athlete's 
foot),  undertaken  Jointly  with  Z.A.  Kornlyenko,  we  observed  a  consider¬ 
able  increase  in  cutaneous  respiration  in  these  patients  (by  a  factor 
of  three-six),  which  reached  6-8^  of  the  pulmonary  respiration,  wit., 
the  intensity  of  gas  exchange  through  the  skin  depending  on  the  degree 
to  which  it  had  been  injured.  This  Increase  in  cutaneous  respiration  in 
subjects  suffering  from  the  above  dermatltides  can  be  accounted  for  by 
disturbance  of  the  peripheral  blood  flow  on  the  affected  areas. 

Ya.K.  Volovik  (1961)  collected  even  more  interesting  data  in  a 
study  of  cutaneous  respiration  in  tuberculosis  patients,  both  before 
surgical  intervention  and  after  resection  of  one  lung  or  part  of  a  iurig. 
While  the  pulmonary  gas  exchange  wn.s  considerably  depressed  in  these 
patients,  respiration  through  the  skin,  on  the  other  hand,  had  Increas  -  d 
considerably,  thus  compensating  the  Inadequate  pulmonary  gas  exchange 
to  a  certain  extent. 

Similar  data  were  observed  by  Enders  (1928)  in  j ersons  suffering 
from  Basedow's  disease,  as  well  as  by  Kin  and  Rakkov  (195^)  in  individ¬ 
uals  suffering  from  cardiac  insufficiency,  anemia  and  polycytemla,  hy¬ 
perthyroidism  and  hypothyroidism. 

Working  with  O.V.  Dol'nltskl,  we  observed  significant  changes  in 
cutaneous  respiration  In  children  after  burns  had  teen  suffered  on  the 
body.  We  established  that  the  gas  exchange  was  considerably  higher  (by 
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a  factor  of  three-five)  through  the  scar  tissue,  which  is  abundantly 
supplied  with  blood  vessels  running  very  close  to  the  surface  of  the 
body.  In  the  event  that  scar  tissue  appearing  after  extensive  healing 
of  the  burned  surface  was  still  characterized  by  Inflairanatory  Infiltra¬ 
tion,  so  that  the  scars  had  become  courser,  painful,  cyanotic  in  colar 
and  brittle,  then  the  gas-exchange  pattern  observed  was  somewhat  differ¬ 
ent  from  that  In  the  previous  case.  Both  the  absorption  of  oxygen  and 
the  excretion  of  carbon  dioxide  through  scar  tissue  were  considerably 
lower  In  this  case  than  that  through  healthy  skin  on  the  symmetrical  re¬ 
gion  of  the  body. 

The  stepped-up  gas  exchange  through  the  skin  of  these  patients  is 
testimony  to  the  effect  that  an  oxygen  shortage  arises  in  their  skin. 

This  provides  a  basis  for  the  assumption  that  placing  such  patients  in 
an  atmosphere  containing  an  elevated  quantity  of  oxygen  might  be  effect¬ 
ive,  since  this  would  make  up  for  the  oxygen  insufficiency  present  to 
a  certain  degree.  This  assumption  Is  further  supported  by  the  fact  that 
when  a  human  Is  placed  under  conditions  of  elevated  oxygen  concentration, 
the  oxygen  Is  absorbed  by  the  skin  20-30  times  faster  than  under  normal 
atmospheric  conditions. 

Recently,  data  sr.pnortlng  our  hypothesis  have  been  obtained  at  the 
pediatrics  surgery  clinic  of  the  Kiev  Medical  Institute.  Under  the  direc¬ 
tion  of  Professor  A.R.  Shurlnok,  staff  workers  of  the  clinic  applied  the 
technique  of  saturating  the  organism  with  oxygen,  not  only  through  the 
lungs,  but  also  through  the  skin  to  sick  children  suffering  from  severe 
pneumonia  with  suppurative  processes  In  the  lungs  and  pleurae,  and  also 
to  critical-list  patients  with  extensive  skin  burns.  The  data  obtained 
Indicate  that  the  oxygen  deficit  In  the  organism  is  reduced  considerably 
In  these  patients  due  to  more  Intensive  absorption  of  the  gas  through 
the  skin. 


V 
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It  becomes  obvious  on  the  basi^;:  of  everything  said  above  that  cu¬ 
taneous  respiration  is  capable  of  compensating,  to  a  certain  degree.  In¬ 
adequacies  of  pulmonary  gas  exchange,  such  as  arise  in  the  organism  when 
It  resides  under  conditions  to  which  It  Is  not  accustomed  (high  tempera¬ 
ture,  heavy  physical  labor,  and  so  forth) . 

No  less  Important  Is  the  use  of  the  skin  path  for  delivery  of  oxy¬ 
gen  to  the  organism  In  those  cases  when  this  is  required  for  a  patient. 
Obviously,  It  would  be  expedient  In  treatment  of  many  patients  to  use 
the  skin  path  for  delivery  of  oxygen  to  the  organism  in  combination 
with  administration  of  abnormally  high  oxygen  concentrations  through  the 
lungs.  This  procedure  might  be  found  more  effective  in  a  number  of  cases 
than  the  subcutaneous  Injection  of  oxygen  Into  the  organism,  such  as  is 
so  extensively  practiced  In  dermatology  clinics. 
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ON  THE  KPPECT  OP  NORMAL  BAROMETRIC  PRESSURE  ON  THE  GAS  COMPOSITION  OF 


THE  BLOOD  OP  ANIMALS  THAT  HAVE  UNDERGONE  REMOVAL  OF  A  LUNG 

V.A.  Losev 
(Kiev) 

One  of  the  urgent  problems  that  arise  in  clinical  thoracic- surgery 
work  is  study  of  the  mechanisms  by  which  the  respiratory  function  is 
regulated  when  considerable  portions  of  a  lung  are  excluded  from  the 
respiratory  process. 

Clinical  and  experimental  data  on  the  gases  of  the  blood  in  cases 
of  pulmonary  resections  reflect  contradictory  results.  The  clinical  ob¬ 
servations  Include  the  work  of  T.N.  Shamarina  and  V.I.  Burakovskiy 
(1953),  Yu.M.  Repina  (195^),  R.M.  Izabolinskoy,  N.I.  Mokrlk  and  R.P. 
Vel'traan  (1957),  and  A.L.  Gofmaui  (1958)*  Some  of  these  authors  (Sham¬ 
arina  and  Biu^akovskly)  do  not  find  hypoxemia  after  pneumonectomy;  on 
the  other  hand,  others  (Repin,  Izabolinskaya  et  al.,  Gofman)  detect  more 
or  less  pronounced  venous  and  arterial  hypoxemia.  The  existence  of  these 
contradictions  can  be  explained  to  some  degree  by  the  fact  that  the 
studies  of  different  authors  were  not  performed  at  the  sam^  point  in 
post- operational  time,  while  the  surgery  had  arisen  out  of  various  de- 
seases.  Also  to  be  taken  into  account  is  the  fact  that  the  clinician  en¬ 
counters  a  number  of  deviations  in  the  activity  of  the  various  systems 
and  organs  that  might  be  associated  with  the  surgical  Intervention  In 
itself,  with  the  patient's  condition  before  the  operation,  and  also  with 
the  entire  previous  development  of  the  disorder. 

There  are  not  very  many  experimental  studies  Illuminating  this  prob- 
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lem  (S.M.  Llpovskly,  1953»  1957).  However,  In  connection  with  wha  'e 
have  said,  there  Is  a  need  for  them,  since  they  make  take  a  certal 
part  In  uncovering  the  mechanisms  of  respiratory  Insufficiency  and  re¬ 
fining  compensatory  adaptations  directed  toward  Its  elimination. 

Our  earlier  experimental  Investigations  (N.N.  Gorev,  V.A.  Losev 
and  L.P.  Cherkasskiy,  1959;  V.A.  Losev,  1959»  I960;  V.A.  Losev,  V.T. 
Svlryakln  and  L.P.  Cherkasskiy,  1959)  Indicate  that  the  disturbances 
to  the  respiratory  function  that  arise  arise  Immediately  after  resec¬ 
tion  of  the  lung  are  closely  related  to  the  compensatory  processes  mo¬ 
bilized  by  the  organism.  It  was  shown  that  In  the  Initial  period  after 
surgery,  diffusion  of  the  blood  gases  tends  to  suffer;  this  applies  pri¬ 
marily  to  arrival  of  oxygen  and  elimination  of  carbon  dioxide.  The  poor 
performance  of  the  respiratory  apparatus  results  In  a  disturbance  to 
coordination  between  the  blood  and  air  supplies  to  the  lungs,  with  the 
consequence  that  the  arterial  blood  is  not  fully  saturated  with  oxygen. 
Simultaneously  with  this,  we  observe  compensatory  reactions  —  the  oxy¬ 
gen  capacity  of  the  blood  Is  Increased  and  the  rale  of  oxygen  transfer 
from  the  blood  to  the  tissues  rises,  as  indicated  by  the  Increased  oxy¬ 
gen  difference  between  the  arteries  and  the  veins.  A  later  phase  (two 
to  six  months  after  the  operation)  is  characterized  by  an  Increase  in 
the  oxygen  content  of  the  blood  and  by  normalization  of  the  carbon  di¬ 
oxide  concentration  of  the  alkaline  reserves  of  the  blood  and  the  oxygen 
evacuated  with  the  urine.  Long  after  the  operation  (one  to  two  years  la¬ 
ter),  the  oxygen  saturation  of  the  blood  has  risen  and  the  arterial  ven¬ 
ous  difference  has  Increased. 

In  the  light  of  the  data  obtained,  we  may  conclude  that  an  organism 
that  has  lived  for  some  time  with  one  lung  adapts  to  the  conditions  of 
its  environment  to  a  considerable  extent  by  compensating  the  functional 
disturbances  observed  In  the  early  post  operational  period.  There  Is  no 


doubt  that  this  adaptation  to  the  new  conditions  of  existence  Is  achlev-  I 
ed  by  readjustment  of  certain  of  Its  functions  and  a  certain  amount  of  \ 

i 

I 

stress  on  the  con?)ensatory  processes.  To  establish  the  degree  of  this 
stress,  animals  were  placed  In  a  sttite  of  artificially  Induced  hypoxia. 

As  we  know,  the  peculiar  changes  that  take  place  In  an  organism  un¬ 
der  hypoxic  conditions  persist  for  a  certain  time  after  the  subnonnal  \ 
barometric  pressure  has  ceased  to  act  (Holden  and  Priestley,  N.N.  Slr- 
otlnln,  M.Q.  Danilov  and  others). 

We  Investigated  the  gas  content  and  alkaline  reserves  of  the  blood 
In  animals  before  a  "trip  up"  to  "altitude"  and  Immediately  after  remov¬ 
al  from  the  altitude  chamber. 

The  experiments  were  set  up  on  l8  rabbits  that  had  undergone  pneu¬ 
monectomy  1-1.5  years  previously,  and  on  9  control  rabbits.  After  each 
animal  was  placed  In  the  altitude  chamber,  the  atmosphere  In  the  chamber 
was  rarefied  to  a  conventional  altitude  of  6000-10,000  m  over  30-50  min¬ 
utes.  This  was  followed  by  a  gradual  (over  20-25  minutes)  return  of  the 
pressure  to  atmospheric,  at  which  point  the  rabbit  was  Immediately  pull¬ 
ed  out  of  the  pressure  chamber  and  blood  taken  at  once  for  examination. 

It  has  been  shown  by  the  studies  of  a  number  of  author's  (Mosso, 

1897;  Cardler,  1936;  Berzlnger,  1937;  Holden  and  Priestley,  1937,  N,N. 
Slrotinln,  1939;  M.  Bergert,  1939)  that  under  the  conditions  of  subnormal 
barometric  pressure,  excessive  elimination  of  carbon  dioxide  from  the  or¬ 
ganism  sets  In  as  a  result  of  hypoxemic  hyperventilation;  this  results 
In  a  lowering  of  the  HgCO^  content  In  the  carbonate  buffer  [ (H^CO^)/ 
/NaHCO^]  and  gaseous  alkalosis  arises  as  a  result.  However,  the  gaseous 
alkalosis  that  arises  Is  compensated  by  a  drop  In  the  quantity  of  NaHCO^, 
since  the  renal  compensatory  mechanism  Is  switched  In  and  the  excess  of 
alkaline  bases  Is  excreted  with  the  urine,  so  that  the  blood  pH  remains 
normal.  In  those  cases  In  which  the  compensaiiion  mechanisms  prove  Inade¬ 
quate,  a  persistent  disturbance  to  the  acid-base  equilibrium  arises  and 
gaseous  alkalosis  manifests  In  animals  In  the  form  of  muscular  rigidity. 
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spasms  and  fibrillar  twitching  of  Individual  muscle  groups,  respiration 
of  the  periodic  type,  and  the  like.  Similar  signs  of  gaseous  alkalosis 
were  observed  In  our  experiments  on  rabbits  that  had  undergone  the  oper¬ 
ation  when  they  were  "lifted"  to  an  "altitude"  of  6OOO-80OO  m,  but  they 
were  manifest  to  a  considerably  lesser  degree  in  the  control  animals  — 
those  that  had  not  been  operated  upon  —  despite  the  fact  that  the  latter 
were  "taken  up"  to  a  higher  "altitude"  (9000-10,000  m)  In  most  cases 
and  were  kept  under  the  hypoxic  conditions  for  a  longer  time. 

On  examination  of  blood  drawn  immediately  after  extraction  of  the 
rabbits  from  the  pressure  chamber,  we  were  no  longer  able  to  detect  al¬ 
kalosis,  although  the  decrease  In  the  total  quantity  of  blood  carbon  di¬ 
oxide  and  the  small  (by  comparison  with  the  Initial  data)  drop  In  the 
alkali  reserves  that  were  detected  in  the  animals  that  had  undergone 
the  operation  may  be  regarded  as  a  sign  of  incomplete  restoration  of 
acid-base  balance.  Such  shifts  were  not  observed  In  the  experiments  with 
the  control  group  of  rabbits.  This  Is  testimony  to  the  effect  that  nor¬ 
mal  animals  have  greater  compensatory  abilities  than  those  that  have 
undergone  surgery. 

The  changes  in  the  gas  composition  of  the  arterial  and  venous  blood 
in  animals  subject  to  subnormal  barometric  pressure  are  represented  sche¬ 
matically  on  the  figure,  from  which  It  Is  evident  that  the  arterial 
blood  of  the  rabbits  contains  approximately  the  same  amount  of  oxygen 
before  and  after  the  altitude- chamber  experiment.  This  fact,  which  was 
noted  both  for  the  control  group  'see  A  on  the  figure)  and  for  the  group 
of  rabbits  with  pulmonary  resections  (B  on  the  figure),  indicates  that 
the  arterial  hypoxemia  that  arises  In  the  rabbits  under  the  influence  of 
lowered  barometric  pressure  Is  eliminated  very  quickly  under  the  condi¬ 
tions  of  normal  atmospheric  pressure. 

These  observations  find  a  confirmation  in  the  work  of  other  authors. 


and  In  particular  that  of  M.G.  Danilov,  who.  In  a  study  of  the  influence 
of  cxygen  starvation  on  gas  exchange,  noted  a  distinct  rise  In  the  per¬ 
centage  of  oxygen  absorbed  from  the  Inspired  air  In  dogs  after  they 
were  taken  out  of  the  altitude  chamber. 


Change  In  oxygen  content  of  arterial  (G)  and  venous  ft*  blood  (in  ^  by 
volume)  before  and  after  rabbits  were  subjected  to  subnormal  barometric 
pressure.  A)  Indices  from  control  groups  of  rabbits;  B)  Indices  for  rab¬ 
bits  subjected  to  pneumonectomy,  a)  Before  sojourn  In  altitude  chamber; 
b)  after  altitude  chamber. 


Together  with  normal  oxygen  content  In  the  arterial  blood,  both  the 
control  and  post operational  rabbits  showed  low  oxygen  indices  in  the 
venous  blood  after  the  altitude- chamber  experiment.  The  drop  In  oxygen 
level  In  the  venous  blood  of  the  animals  Indicates  an  elevated  oxygen  re¬ 
quirement  from  the  tissues,  both  under  the  conditions  of  depressed  baro¬ 
metric  pressure  and  during  a  certain  span  of  time  after  the  sojourn  In 
the  altitude  chamber.  It  should  be  emphasized  that  the  degree  of  venous 
hypoxemia  differed  between  the  control  and  experimental  animals.  After 
the  altltude-cl-iamber  experiments,  the  oxygen  saturation  of  the  venous 
blood  showed  a  greater  decrease  in  rabbits  that  had  undergone  removal  of 
a  lung.  As  Is  clear  from  the  figure  (see  A),  the  oxygen  content  In  the 
venous  blood  of  the  control  group  averaged  135^  by  volume  before  the  ex¬ 
periment,  while  after  the  oxygen- starvation  experiment  this  Index  had  de¬ 
creased  to  95^  by  volume.  In  the  animals  with  one  lung,  the  oxygen  level 
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in  the  venous  blood  had  dropped,  on  the  average,  to  5/^  by  volume  after 
the  altitude- chamber  experiment,  as  compared  with  an  Initial  llj^  by  vol¬ 
ume  (see  B  on  the  figure).  It  must  be  remembered  here  that  the  extent 
to  which  the  pressure  Is  lowered  In  the  altitude  chamber  was  not  the 
sane  for  the  two  groups  of  rabbits:  for  the  control  group,  the  highest 
conventional  altitude  of  "ascent”  was  9000-1^,000  m,  while  for  the 
group  of  pulmonectomlzed  rabbits,  this  "alitltude"  was  generally  limi¬ 
ted  to  6000-7000  m,  since  furt’  er  "ascent"  threatened  the  lives  of  the 
animals . 

The  distinct  venous  hypoxemia  observed  In  the  animals  after  the 
altitude-chamber  experiment  and  the  Increase  In  the  arteriovenous  oxy¬ 
gen  difference  associated  with  it  may  be  regarded  as  a  compensatory  re¬ 
action  of  the  organism  following  the  hypoxia  —  a  reaction  whose  purpose 
Is  to  reduce  the  oxygen  deficiency  of  the  tissues.  A  low  oxygen  content 
In  the  venous  blood  being  drained  from  the  tissues  Indicates  that  they 
are  absorbing  a  large  amount  of  oxygen,  a  considerable  part  of  which 
would  appear  to  be  expended  on  oxidation  of  the  Intermediate  metabolism 
products  that  have  accumulated.  Thus,  In  Investigating  the  gas  composi¬ 
tion  and  alkaline  reserve  of  the  blood.  It  was  found  that  the  capacity 
of  animals  with  one  lung  to  adapt  to  marked  levels  of  hypoxia  is  lower 
than  In  normal  rabbits. 
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ON  THE  INFLUENCE  OP  HYPOXIA  CAUSED  BY  DECREASE  IN  ATMOSPHERIC  PRESSURE 
ON  CARDIAC  ACTIVITY  OF  ANIMALS  THAT  HAVE  UNDERGONE  PNEUMONECTOMY 

L.P.  Cherkasskiy 
(Kiev) 

Removal  of  a  lung  causes  a  variety  of  reactions  on  the  part  of  the 
organism,  reactions  whose  purpose  is  to  adapt  it  to  the  new  conditions. 

Of  great  interest  in  characterizing  the  distinctive  nature  of  the  life 
of  an  organism  with  one  lung  is  study  of  the  question  as  to  the  level  of 
its  adaptive  capabilities  at  various  points  in  time  after  the  operation. 
As  regards  evaluation  of  the  states  of  the  cardiovascular  system  from 
this  standpoint,  data  were  obtained  in  P.K.  Anokhin’s  laboratory  (195^> 
1956)  indicating  that  during  the  phase  immediately  after  removal  of  a 
lung  (for  ten  days  and  longer),  conpensation  is  not  stable  and  is  easily 
upset  under  the  Influence  of  the  disturbances  applied  (water,  physical 
load  and  overheating) .  We  have  also  determined  that  short-term  and  rela¬ 
tively  sparing  disturbances  applied  during  the  first  few  days  after  the 
operation  cause  a  distinct  pathological  reaction  of  the  heart  in  the  an¬ 
imal  (i960). 

In  view  of  the  Importance  of  studies  pertaining  to  more  remote  times 
after  operation,  and  the  Importance  of  investigating  the  influence  of  hy¬ 
poxia  under  the  conditions  described,  we  performed  appropriate  experi¬ 
ments  using  the  altitude  chamber  on  animals  at  various  points  in  time  af¬ 
ter  removal  of  a  lung. 

METHOD 

The  subjects  of  observation  were  46  rabbits,  which  were  examined 
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2-3.5  months  after  pneumonectomy  (lO),  5-7  months  afterward  (17)  and 
10-26  months  after  the  operation  (19  animals).  A  total  of  59  experiments 
were  performed  on  animals  with  one  lung,  while  control  experiments  were 
run  on  17  normal  animals. 

Having  been  secured  to  the  bench,  the  rabbits  were  placed  In  the 
altitude  chamber  and,  as  the  atmospheric  pressure  was  reduced,  electro¬ 
cardiograms  were  recorded  at  each  kilometer  of  the  "ascent,"  using  the 
standard  and  two  chest  leads.  In  the  majority  of  experiments,  the  res¬ 
piratory  movements  were  also  registered  synchronously.  The  atmospheric 
pressure  was  lowered  at  a  rate  corresponding  to  a  "trip  up"  by  1  km  In 
the  course  of  3  minutes;  then  the  pressure  was  held  at  the  level  thus 
attained  for  2-2.5  minutes,  followed  by  continuation  of  the  "ascent"  In 
the  same  regimen  (to  no  higher  than  10  km) . 

RESULTS  OF  EXPERIMENTS 

There  are  essential  differences  In  tne  external  manifestations  of 
the  reactions  between  the  experimental  and  control  animals.  In  the  nor¬ 
mal  rabbits,  distinct  signs  of  a  deterioration  In  the  general  condition, 
which  we  can  Judge  from  the  difficult,  strained  respiration,  usually  in¬ 
tervene  after  the  atmospheric  pressure  has  been  reduced  farther  than  in 
the  case  of  the  experimental  animals  (more  frequently  at  an  "altitude" 
of  9-10  km).  In  the  rabbit  that  had  undergone  surgery,  and  preferrenti- 
ally  In  the  groups  studied  10-26  months  after  the  operation.  Intensified 
panting  respiratory  movements,  which  were  more  distinct  on  the  unopera¬ 
ted  side  and  were  accompanied  by  "time  keeping"  movements  of  the  head 
and  extremities,  aid  retraction  of  the  head  were  observed  In  many  cases 
at  an  "altitude"  of  6-7-8  km.  The  Impression  created  was  that  In  itself, 
the  act  of  respiration  was  difficult  physical  labor  for  the  animal.  Dis¬ 
tinct  signs  of  asphyxia  were  noted  in  occasional  experiments. 

Changes  In  cardiac  a,clvlty  that  distinguish  the  nature  of  *he  one- 
lunged  experimental  animals'  reaction  from  that  of  th,.,  control  animals 
were  also  brought  out  quite  clearly.  It  is  necessary  to  note  that  the 
pulse  rate  Is  regarded  as  one  of  the  most  Important  criteria  for  evalua- 
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ting  the  circulatory  reaction  to  hypoxia  (Koch,  193^;  Sirotlnin, 

19^1;  Aleksandrov  and  Yegorov,  19^7;  Lauer,  1959»  and  others).  When  the 
atmospheric  pressure  Is  lowered  we  can  frequently  distinguish  two 
phases  In  the  reaction  of  the  heart  —  a  phase  In  which  the  rhythm  is 
quickened,  followed  by  one  In  which  It  slackens.  Continuation  of  the 
*'ascent"  results  In  a  third  phase  In  the  organism's  reaction  to  the 
treatment  —  a  phase  characterized  In  the  terminal  stage  by  paralysis  of 
the  extracordlal  nerve  centers  and  the  death  of  the  animal.  Together 
with  the  change  In  pulse  frequency,  the  elements  of  the  electrocardio¬ 
gram  also  undergo  modifications.  The  literature  contains  data  on  this 
problem,  obtained  in  study  of  both  healthy  humans  and  experimental  ani¬ 
mals  (Borgard  and  Koch,  193^;  Mirolyubov  and  Chernogorov,  193^;  Koch, 
1936;  Lauer,  1959»  and  others). 

We  have  not  succeeded  In  finding  In  the  literature  any  Indications 
as  to  the  nature  of  the  reactions  of  the  cardiovascular  system  In  ani¬ 
mals  with  one  lung  to  lowering  of  the  atmospheric  pressure. 

In  our  observations  (Plg.  1)  on  the  control  animals,  In  agreement 
with  the  literature  data,  the  pulse  frequency  shows  a  tendency  to  In¬ 
crease  In  the  course  of  the  atmospheric-pressure  decline.  In  animals  In¬ 
vestigated  10-26  months  after  pneumonectomy,  cases  of  slight  quickening 
of  the  rhythim  at  an  "altitude"  of  1  or  2  km  are  even  more  frequent  than 
in  the  control  group,  an  observation  that  may  Indicate  earlier  trigger¬ 
ing  of  the  adaptive  mechanisms.  However,  the  rhythm  was  quickened  In  the 
control  group  In  nearly  a  third  of  the  experiments  at  the  "altitudes"  of 
3  and  4  km,  while  In  the  group  of  animals  that  had  undergone  surgery, 
there  were  a  considerable  number  of  experiments  in  which  slackening  of 
the  rhythm  set  in.  As  the  pressure  In  the  altitude  chamber  was  lowered 
further,  the  differences  in  the  reactions  of  the  experimental  and  con¬ 
trol  animals  became  more  pronounced.  In  the  control  group,  at  an  "alti- 
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Fig.  1.  Dynamics  of  changes  In  cardiac  frequency  In  animals  at  various 
points  In  time  after  removal  of  a  lung  and  In  control  animals,  witr.  di¬ 
minishing  atmospheric  pressure.  Legend:  open  bars  -  no  changes  (varia¬ 
tions  within  +2^  of  the  Initial  rhythm  in  each  experiment);  diagonally 
hatched  bars  -  quickening  of  the  rhythm;  vertically  hatched  bars  - 
slackening  of  rhythm;  black  bars  (inside  hatched  bars)  -  unusually  dis¬ 
tinct  (by  more  than  +10^)  deviations  of  the  rhythm  from  the  initial  fig¬ 
ure.  The  height  of  a  bar  Indicates  the  percentage  of  experiments  In  the 
number  taken  as  100^  for  each  given  "altitude."  The  curves  connect 
points  corresponding  to  the  percentages  of  experiments  with  deceleration 
(solid  line)  or  acceleration  (broken  line)  of  the  cardiac  activity,  l) 
Control;  2)  10-26  months;  3)  5-7  months;  4)  2-3  1/2  months. 


tude"  of  5-9  km,  the  rhythm  was  quickened  as  rompared  to  the  Initial 
level  In  more  than  half  of  the  experiments,  and  quite  considerably  In  a 
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number  of  cases  —  by  20-30^  and  more.  Only  at  an  "altitude"  of  6  km  was 

a  quickening  of  the  rhythm  noted  in  the  experiir.ental-anlmal  group  —  In 

one- fourth  of  the  experiments,  and  subsequently  this  was  observed  in  no 
more  than  5-135^  of*  all  experiments.  At  the  "altitude,"  there  were 

no  longer  any  cases  of  quickened  rhythm  at  all.  At  the  same  time,  from 

7  km  on,  a  deceleration  of  the  pulse  was  observed  in  the  o/erwhelmlng 
majority  of  cases.  To  this  it  should  be  added  that  due  to  the  signifi¬ 
cant  disturbance  of  the  cardiac-activity  rhythm,  which  could  be  noted 
visually  during  electrocardiography,  and  the  difficult  general  condition 
of  the  einlmals  at  the  indicated  remote  points  in  time  after  the  opera¬ 
tion,  the  "ascent"  was  terminated  and  the  investigated  stopped  in  17  ex¬ 
periments  at  the  "altitude"  of  6  km  (two  experiments),  7  km  (two  experi¬ 
ments),  8  km  (five  experiments)  and  9  ion  (eight  experiments).  In  the 
control  group,  the  "ascent"  was  stopped  for  the  same  reasons  at  an  "al¬ 
titude"  of  8  km  In  thxee  experiments  and  at  9  km  in  one  experiment. 

In  the  experiments  on  animals  that  had  undergone  surgery,  the 
slackening  of  the  pulse  was  combined  in  most  cases  with  distinct  arrhyth 
mla,  usually  of  the  sinus  type.  In  view  of  the  labored  respiration  ob¬ 
served  when  the  atmospheric  pressure  was  lowered,  we  might  expect  that 
these  disturbances  to  the  rhythm  are  functions  of  the  unusual  nature  of 
the  respiratory  movements  under  the  conditions  of  the  experiment.  A 
check  of  this  hypothesis  by  registering  the  respiratory  movements  in 
synchronism  with  the  electrocardiogram  did  not  bring  out  any  connection 
between  arrhythmia  and  the  respiratory  movements  ^Flg.  2).  In  the  cases 
being  described,  we  may  speak  of  arrhythmia  as  a  sign  of  serious  derange 
ment  of  the  cardiac  activity.  Nevertheless,  it  would  appear  to  be  of  a 
functional  nature:  a  rise  in  the  atmospheric  pressure  in  the  altitude 
chamber  results  In  rapid  normalization  of  the  rhythm. 

Less  distinct  manifestations  of  arrhythmia  were  also  observed  in 
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the  control  animals,  but  relatively  sel-iom  and  only  when  the  atmospher¬ 
ic-pressure  drop  was  considerable,  corresponding  to  an  altitude  of  ^^-10 
.1.  In  addition  to  the  arrhythmia,  other  changes  appeared  In  the  elec¬ 
trocardiogram.  In  seven  experiments  of  the  basic  group,  we  noted  a  shift 
In  the  mean  electrical  axis  of  the  QRS  complex  (to  the  right  In  six  of 
them) .  In  the  control  group,  the  axial  shift  appeared  in  two  experi¬ 
ments  (shift  to  the  left).  In  some  of  the  experiments  on  the  post-sur- 
glcal  animals,  a  drop  In  the  voltage  of  the  R-wave,  a  shift  In  the  level 
of  the  RS-T  segment,  and  a  change  In  the  amplitude  and  direction  of  the 
T-wave  were  noted  (Fig.  2). 


Fig.  2.  Altitude-chamber  experiments.  EKG  record  (left  chest  lead)  and 
respiration  trace.  A)  Rabbit  No.  5^:  a)  before  experiment;  b)  14  months 
after  operation;  altitude  of  "ascent"  6000  m;  B)  rabbit  No.  56:  a)  be¬ 
fore  experiment;  b)  15  months  after  operation;  altitude  of  "ascent" 

6000  m;  C)  rabbit  No.  I63:  a)  before  experiment;  b)  10  1/2  months  after 
operation;  altitude  of  "ascent"  1000  m. 


In  animals  observed  5-7  months  after  removal  of  a  lung  (Fig.  l), 
persistent  shifts  in  the  cardiac  activity  were  noted  beginning  at  an 
"altitude”  of  7  km.  At  this  "altitude,"  almost  half  of  the  experiments 
showed  a  slackening  of  cardiac  activity,  while  less  than  one- third  of 
the  control  group  produced  such  experiments.  At  the  same  time,  a  minor 
quickening  of  cardiac  cCtlvlty  Is  registered  In  almost  a  third  of  cases, 
but  more  than  half  of  the  experiments  In  the  control  group  were  of  this 
type.  The  tendencies  noted  at  "altitudes"  of  8  and  9  km  manifest  with 
better  definition.  In  almost  all  experiments,  a  significant  slackening 
of  the  pulse  was  accompanied  by  sinus  arrhythmia,  which  was  distinctly 
manifest  in  half  of  the  cases.  The  arrhythmia  arose  at  7-8  km  (seven  ex¬ 
periments)  or  at  a  higher  "altitude." 

In  the  group  of  experiments  conducted  on  animals  2-3.5  months  af¬ 
ter  pneumonectomy  (Pig.  1),  considerable  differences  In  the  pulse  as 
coii$»ared  with  the  control  appear  at  8  km,  when  almost  half  of  the  exper¬ 
iments  (twice  as  many  as  in  the  control  group)  show  slackening  of  the 
pulse  by  10-305^.  Arrhythmia  also  appeared  in  this  group  of  experiments 
at  the  8-km  "altitude"  (five  experiments);  in  six  experiments  it  appear¬ 
ed  only  at  9  km,  and  In  two  not  at  all.  The  arrhythmia  was  usually  not 
severe  and  was  considerable  at  the  "altitude"  of  8-9  km  in  only  four  ex¬ 
periments.  Even  though  the  slackening  of  the  pulse  rate  set  in  after  the 
pressure  had  been  lowered  quite  far  in  the  altitude  chamber,  and  the 
attendent  arrhythmia  was  usually  not  strongly  manifest,  other  changes 
in  the  electrocardiogram  came  out  quite  clearly  in  some  of  these  experi¬ 
ments.  For  cixample,  in  the  experiment  on  rabbit  No.  234  two  months  after 
slnlstral  pulmonectomy,  a  decrease  In  pulse  rate  was  observed  at  "alti¬ 
tudes"  of  8  and  9  km,  although  distinct  changes  in  the  T-wave  had  been 
noted  beginning  at  5  km.  Toward  6  km,  the  T-wave  became  negative  and  re¬ 
mained  so  for  the  entire  subsequent  "ascent"  to  9  km  and  throughout  the 
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"descent"  period  (Fig.  3);  only  after  the  experiment  had  been  completed 
did  the  configuration  of  the  T-wave  return  to  normal.  In  another  exper¬ 
iment  (rabbit  No.  224;  2  months  and  8  days  after  the  operation),  the 
slackening  of  pulse  rate  began  at  9  km,  and  at  the  7th  km  it  Increased 
sharply  (from  253  to  308  per  minute).  Simultaneously  with  this,  however, 
extrasystology  made  Its  appearance  (Fig.  3) • 

Comparison  of  the  results  from  experiments  performed  on  animals 
2-3.5  months,  5-7  months  and  10-26  months  after  removal  of  the  lung  pro¬ 
vides  a  convincing  Indication,  based  on  a  number  of  indicators,  that  the 
difficulties  experienced  by  the  organism  as  a  result  of  Increasing  ar¬ 
tificially  Induced  hypoxia  appear  most  often  In  animals  in  the  remote 
post-operational  period. 

To  generalize  to  some  degree  from  the  data  set  forth  above,  and 
comparing  them  with  the  results  of  investigations  made  earlier  in  the 
laboratory  Into  various  aspects  of  the  functional  state  of  the  cardio¬ 
vascular  system  and  blood  picture,  It  must  be  noted  that  observation  of 
animals  with  one  lung  over  a  rather  long  span  of  time  following  pneumon- 
ectcmy  (up  to  26  months)  Indicates  that  the  organism  of  the  experimental 
animal  has  a  capacity  to  preserve,  within  certain  limits,  the  state  of 
compensation  of  the  disturbed  functions  that  has  been  achieved  during 
the  first  few  months  after  the  operation,  and  the  resulting  equilibrium 
with  the  environment.  Under  these  conditions,  however,  the  extent  of  the 
potential  for  adaptation  to  difficult  situations  is  markedly  lower.  The 
phase  shift  In  the  heart's  reaction  to  lowered  atmospheric  pressure  that 
Is  observed  even  In  normal  animals  takes  place  differently  in  animals  at 
remote  stages  following  pneumonectomy  (10-26  months  after  the  operation). 
The  first  phase  (quickening  of  the  rhythm)  is  shortened;  the  second 
phase  (slackening  of  the  rhythm)  sets  In  early  in  most  cases,  at  a  rela¬ 
tively  low  "altitude,"  and  Is  complicated  by  other  disturbances  to  car- 
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diac  activity.  As  a  result,  the  time  Interval  within  which  the  adaptive 
reactions  might  develope  Is  found  to  be  shorter.  All  of  this  Indicates 
that  In  animals  with  one  lung,  the  adaptive  mechanisms  do  not.  In  the 
majority  of  cases,  go  Into  action  with  sufficient  strength  In  the  re¬ 
mote  post-operational  period  and  that  they  are  exhausted  comparatively 
quickly  when  abnormal  demands  are  placed  on  them. 


Pig.  3.  Altitude- chamber  experiments.  EKO  and  respiration  traces.  Rabbit 
No.  234.  a)  2  months  after  operation;  b)  altitude  of  "ascent"  5000  m;  c) 
altitude  of  "ascent"  6OOO  m;  d)  altitude  of  "ascent"  9000  m:  e)  "de¬ 
scent,"  4000  m;  f)  altitude  of  "ascent"  7000  m  (lead  II );  g)  altitude  of 

"ascent"  7000  m;  CRj.  lead. 

0 


It  is  necessary  to  point  out  that  these  differences  In  the  reactions 
of  the  experimental  and  control  animals  to  hypoxia  affected  to  a  lesser 
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degree  those  groups  of  animals  that  were  studied  5 

after  the  operation.  Even  at  later  times,  we  observed  cases  In  which 
this  reaction  differed  little  from  the  reaction  of  normal  animals.  The 
number  of  such  experiments  Increases  as  we  recede  in  time  toward  the  op 
eratlon.  Hence,  It  is  Important  that  no^  only  the  reactions  of  the  ex¬ 
perimental  animals  were  different,  but  also  that  In  a  number  of  experi¬ 
ments,  this  difference  was  quite  Indistinct.  Taking  Into  account  the 
fact  that  the  degree  to  which  the  accident  partial  pressure  was  reduced 
In  the  altitude  chamber  was  quite  high  In  these  experiments,  we  may  not 
omit  to  stress  that  In  the  cases  described  we  still  note  considerable 
reserve  capabilities  In  the  organism  of  the  experimental  animal.  To  thl 
it  should  be  added  that  despite  the  shifts  —  quite  distinct  in  many  ex¬ 
periments  —  in  the  cardiac  activity  at  high  "altitudes,"  stopping  the 
"ascent"  and  normalizing  the  atmospheric  pressure  In  the  altitude  cham¬ 
ber  eliminates  the  pathological  phenomena  that  had  developed  at  "alti¬ 
tude"  in  quite  short  order.  Removal  of  a  lung  undoubtedly  reduces  the 
organism's  reserve  capabilities,  and  In  particular  those  of  Its  cardio¬ 
vascular  system,  for  adaptation  to  hypoxic  conditions,  particularly  at 
remote  points  In  post-operational  time;  nevertheless,  the  processes  in 
which  the  disturbed  functions  are  compensated  develop  after  the  opera¬ 
tion  In  a  direction  such  that  experimental  animals  with  one  lung  are. 

In  many  cases,  quite  capable  of  resisting  rather  cc...’lderable  degrees 
of  artificially  Induced  hypoxia. 
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REGIONAL  OXYGEN  INSUFFICIENCY 


M.Ye.  Marshak 
(Moscow) 

In  the  overwhelming  majority  of  cases  of  oxygen  Insufficiency  (or 
oxygen  starvation)  observed  in  humans  in  hypoxic  hypoxia,  the  amount  of 
oxygen  consumed  by  the  organism  is  practically  the  same  as  under  normal 
conditions,  but  this  situation  is  achieved  as  a  result  of  the  number  of 
regulatory  mechanisms  coming  into  play.  There  are  a  variety  of  ways  in 
which  the  various  organs  are  supplied  with  oxygen  here.  Thus,  records 
made  in  our  laboratory  of  the  degree  of  oxygen  saturation  of  the  arter¬ 
ial  blood  and  the  blood  In  the  jugular  and  femoral  veins  when  the  oxygen 
content  in  the  inspired  air  was  reduced  indicated  that  the  difference  be^ 
tween  the  oxygen  content  In  the  arterlil  blood  and  the  blood  of  the  jug¬ 
ular  vein  decreases  during  hypoxia,  while  the  arteriovenous  difference 
Increases  In  the  blood  in  the  extremities.  This  permits  us  the  conclu¬ 
sion  that  normalization  of  the  oxygen  supply  to  the  muscles  of  the  ex¬ 
tremity  In  hypoxia  Is  provided  to  a  certain  degree  by  using  more  of  the 
oxygen  from  the  arterial  blood,  and  otherwise  by  an  Increase  In  blood 
supply  to  the  tissues. 

When  the  oxygen  content  In  the  . nsplred  air  Is  lowered  considerably 
—  In  cases  of  acute  hypoxia,  as  was  noted  In  our  laboratory  In  studies 
performed  on  humans  and  animals  —  the  amount  of  oxygen  used  by  the  or¬ 
ganism  Is  smaller  than  Its  requirement,  so  that  an  oxygen  deficiency 
develops  and  Is  aggravated  as  the  hypoxia  continues.  Only  In  the  recov¬ 
ery  period,  after  the  subject  has  been  switched  to  breathing  atmospheric 


air.  Is  this  deficit  made  up.  The  magnitude  of  tne  oxygen  deficit  In 
these  cases  is  an  over-all  index  to  the  oxygen  Insufficiency;  we  may  not, 
on  the  basis  of  these  data,  draw  inferences  as  to  how  the  regional  oxy¬ 
gen  supply  changes  in  acute  hypoxia. 

At  the  same  time,  the  nonuniform  supplies  of  oxygen  to  the  various 
organs,  the  nonuniform  regional  oxygen  deficit  in  acute  hypoxia,  is  gov¬ 
erned  Dy  the  activity  of  a  number  of  regulatory  mechanisms  that  Increase 
the  organism's  tolerance  to  hypoxia.  The  poiarographlc  investigations 
of  changes  in  the  oxygen  partial  pressure  in  the  brain  and  muscles  of 
the  extremity  in  acute  hypoxia  that  were  carried  out  simultaneously  at 
our  laboratory  indicated  that  when  the  oxygen  partial  pressure  in  the 
muscles  of  the  extremities  is  reduced  by  a  considerable  margin,  the  oxy¬ 
gen  tension  in  the  brain  changes  relatively  slightly. 

A  clear-cut  example  of  regional  oxygen  insufficiency  can  be  found 
in  cases  In  which  the  Influx  of  blood  to  an  organ  or  part  of  an  organ  is 
cut  off.  This  Is  observed  In  vascular  thrombosis  or  on  artificial  block¬ 
age  of  the  blood  stream,  for  example,  by  application  of  a  tourniquet  to 
the  extremity.  Regional  ischemia  develops  dlstally  from  the  point  at 
which  the  artery  is  obstructed  or  compressed.  Poiarographlc  studies  of 
the  oxygen- tens ion  changes  in  the  muscles  of  the  lower  leg  after  appli¬ 
cation  of  a  tourniquet  to  the  thigh  Indicated  that  the  oxygen  partial 
pressure  has  dropped  to  zero  after  a  few  minutes.  Cutting  off  the  blood 
supply  to  an  extremity  also  results  in  a  gradual  drop  of  the  skin  and 
muscle  temperatures.  Immediately  upon  removal  of  the  tourniquet,  the 
muscle  temperature  of  the  extremity  to  which  it  had  been  applied  rises. 
Here,  as  a  rule,  the  temperature  rises  quite  far  above  the  initial  lev¬ 
el  —  the  so-called  reactive  hyperemia,  which  reflects  a  corslderably  am¬ 
plified  blood  Influx,  sets  in.  The  latter  is  usually  explained  in  terms 
of  a  drop  in  vascular  tone  due  to  the  Influence  exerted  on  the  vessel 


walls  by  metabolism  products  foiled  in  the  ischemized  extremity. 

We  established  that  following  a  repeated  application  of  T;he  tourni¬ 
quet  to  the  extremity  for  15-30  minutes  ea:h  day  or  every  other  day  over 
a  span  of  three  to  four  weeks,  the  reactlv*?  hyperemia  following  removal 
of  the  tourniquet  gradually  disappears  (Pig.  l).  When  a  certain  time  has 
elapsed  after  the  second  application  of  the  tourniquet,  the  reactive  hy¬ 
peremia  following  temporary  ischemia  of  the  extremity  reappears. 

We  may  advance  the  hypothesis  that  the  absence  of  reactive  hyper¬ 
emia  after  the  second  temporary  ischemia  results  from  biochemical  shifts 
that  have  Intervened  in  the  tissues  of  the  ischemized  extremity. 

In  these  experiments,  which  were  performed  on  rabbits  without  anes¬ 
thesia,  we  were  able  to  satisfy  ourselves  that  during  the  first  few  min¬ 
utes  after  application  of  the  tournlqvet  in  the  second  phase  of  ischemia 
in  the  extremity,  the  muscle  temperature  of  this  extremity  dropped  not 
only  as  a  result  of  stoppage  of  the  blood  supply,  but  also  as  a  result 
of  a  conditioned-reflex  Increase  in  the  tone  of  the  muscles  and  contrac¬ 
tion  of  the  vessels.  Figure  2  represents  the  dynamics  of  the  muscle-tem¬ 
perature  variation  in  the  right  and  left  extremities  when  the  tourniquet 
was  applied  to  the  left  extremity  after  a  three-week  period  in  which 
tourniquets  were  placed  on  both  extremities  each  day  for  20  minutes.  As 
will  be  seen  fram  Pig.  2,  for  three  minutes  after  application  of  the 
tourniquet  to  the  left  thigh  only,  the  muscle  temperature  dropped  uni¬ 
formly  in  the  muscles  of  both  extremities;  only  after  three  minutes  did 
the  muscle  temperature  of  the  left  extremity  (to  which  the  tourniquet 
had  been  applied)  continue  to  decrease,  while  the  muscle  temperature  of 
the  right  extremity  began  to  rise  (single  application  of  the  tourniquet 
to  one  extremity  causes  only  insignificant  muscle- temperature  fluctua¬ 
tions  in  the  other  extremity) . 

These  data  may  serve  as  yet  another  illustration  of  the  importanc 
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Pig.  1.  Muscle  temperature  In 
lower  leg  after  removal  of 
tourniquet  applied  to  thigh 
(explanation  In  text).  A)  gal¬ 
vanometer  scale  divisions;  B) 
21  March  C)  l8  April;  D)  min¬ 
utes  . 


Pig.  2.  Muscle  temperature  In 
right  and  left  lower  legs  after 
application  of  tourniquet  to 
left  thigh,  l)  Muscle  ten^ierature 
of  left  lower  leg;  2)  muscle 
temperature  of  right  lower  leg 
(explanations  In  text).  A)  Gal¬ 
vanometer  scale  divisions;  B) 
minutes . 


of  conditioned- reflex  effects,  which  manifest  not  only  In  general,  but 
also  in  regional  repeated  oxygen  Insufficiency.  Myocardlo  Infarct  may 
serve  as  an  example  of  regional  oxygen  Insufficiency  affecting  only  part 
of  an  organ.  Under  experimental  conditions,  myocardial  Infarct  Is  In¬ 
duced  by  tying  off  a  branch  of  the  coronary  artery. 

Our  laboratory  made  a  detailed  Investigation  of  the  Influence  of 
local  myocardial  Ischemia  on  the  oxygen  partial  pressure  in  various 
zones  of  the  cardiac  muscle  (V.K.  Sanotskaya) .  An  Investigation  of  the 
oxygen  partial  pressure  In  the  myocardium  was  made  by  the  polarographlc 
method,  using  special  electrodes  that  could  be  securely  fixed  In  the 
heart  muscle.  It  was  established  that  after  ligature  (or  compression) 
of  i  branch  of  the  coronary  artery,  the  oxygen  partial  pressure  drops 
very  sharply  In  the  Ischemized  zone  of  the  myocardium.  Adjacent  to  this 
zone  Is  a  region  of  the  myocardium  known  to  us  as  the  boundary  zone  (it 
Is  not  the  same  in  different  experimental  animals),  in  wnich,  after  a 
branch  of  the  coronary  artery  has  been  tied  off,  we  also  observe  a  cer- 
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tain  drop  In  oxygen  partial  pressure.  On  regions  of  the  myocardium  re¬ 
mote  from  the  Ischemized  zone,  the  oxygen  tension  either  did  not  change 
at  all  or  increased  or  decreased. 

It  must  be  assumed  that  the  drop  in  oxygen  partial  pressure  in  the 
boundary  zone  of  the  myocardium  is  due  to  an  effect  in  which  this  re¬ 
gion  of  the  myocardium  is  supplied  with  blood  to  some  extent  through 
ramifications  of  the  ligated  branch.  The  correctness  of  this  hypothesis 
Is  confirmed  by  the  results  of  experiments  in  which  the  Influence  of 
breathing  pure  oxygen  on  the  oxygen  tension  in  various  zones  of  the  myo¬ 
cardium  was  Investigated  after  a  branch  of  the  coronary  artery  had  been 
tied  off.  It  was  found  that  Inspiration  of  oxygen  has  virtually  no  ef¬ 
fect  on  the  level  of  the  oxygen  tension  in  the  zone  of  total  myocardial 
ischemia.  In  areas  remote  from  this  zone,  inspiration  of  oxygen  caused 
a  considerable  rise  in  the  oxygen  tension  in  the  myocardium,  to  the 

ssune  level  as  was  observed  before  the  coronary  branch  had  been  tied  off; 

« 

a  distinct  rise  in  oxygen  partial  pressure  was  observed  here  in  the 
boundary  zone  as  well.  This  fact  is  of  great  importance  not  only  from 
the  theoretical  standpoint,  but  a] so  for  clinical  practice. 

The  data  cited  above  suggest  that  the  helpful  effect  of  oxygen 
therapy  in  myocardial  Infarct  consists  chiefly  in  elimination  of  the 
myocardial  oxygen  insufficiency  in  the  zone  bordering  the  zone  of  total 
Ischemia.  This  reduces  the  size  of  the  myocardial  zone  with  more  or  less 
pronounced  oxygen  insufficiency  developed  after  ligature  (or  obstruction) 
of  a  branch  of  the  coronau’y  areery. 

Literature  data  and  the  results  of  our  studies  of  the  influence  of 
elevated  carbon  dioxide  concentration  in  the  inspired  air  on  regional 
blood  circulation  placed  before  us  the  question  as  to  the  expediency  of 
adding  a  small  quantity  of  carbon  dioxide  to  the  oxygen  inspired  under 
the  conditions  of  local  myocardial  ischemia.  This  was  established  in  our 


laboratory  in  a  series  of  animal  experiments.  It  was  found  chat  follcv.- 
ing  ligature  of  a  branch  of  the  coronary  artery,  inspiration  of  a  mix¬ 
ture  of  oxygen  and  3-55^  of  carbon  dioxide  causes  a  greater  Incrsace  in 
the  oxygen  tension  both  in  zones  of  the  myocardium  remote  from  the 
ischemized  zone  and  in  the  t  ’.ndary  zone;  the  latter  is  of  particularly 
great  Importance.  It  must  be  supposed  that  an  Increase  in  the  carbon 
dioxide  tension  to  some  degree  neutralizes  the  local  vasoconstrictor  in¬ 
fluence  of  high  oxygen  pressure  in  the  arterial  blood.  A  rise  in  the 
carbon  dioxide  tension  of  the  blood  counteracts  a  slight  drop  in  arter¬ 
ial  pressure  that  frequently  attends  inspiration  of  oxygen.  Moreover, 
an  increase  in  the  carbon  dioxide  partial  pressure  in  the  arterial 
blood  facilitates  passage  of  oxygen  from  the  blood  into  the  tissues  by 
reducing  the  affinity  of  hemoglobin  to  oxygen. 
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ON  TWO  CHEMORECEPTOR  MECHANISMS  OF  THE  CAROTID  SINUSES 

S.S,  Krylov 
(Leningrad) 

In  1951#  Nielsen  and  Smith  showed  that  when  a  human  inspires  a  mix¬ 
ture  of  the  gases  Og  and  Ng  with  a  subnormal  oxygen  content,  addition  of 
carbon  dioxide  to  this  mixture  is  not  accompanied  by  a  marked  Increase 
in  the  volume  of  pulmonary  ventilation  until  the  COg  partial  pressure  in 
the  blood  reaches  the  normal  (about  30  mm  Hg)  level.  Only  when  this  lev¬ 
el  is  exceeded  does  COg  produce  a  considerable  Increase  in  the  pulmonary 
ventilation.  As  the  COg  partial  pressure  in  the  blood  increases  further, 
the  Increase  in  pulmonary  ventilation  rises  as  a  function  of  the  COg- 
tenslon  level . 

In  1963#  V.G.  Startsev  established  that  when  cytisine  acts  on  the 
carotid  chemoreceptors,  we  observe  amplified  motor  activity  a::::d  secre¬ 
tion  of  gastric  and  intestinal  Juices.  At  the  same  time,  the  action  of 
cyanide  on  these  chemoreceptors  is  accompanied  by  inhibition  of  the  gas¬ 
tric  and  intestinal  activity  (see  also  Startsev,  1958#  1959).  These  da¬ 
ta  have  been  confirmed  by  the  present  author  (S.S.  Krylov,  i960)  in  cor¬ 
responding  experiments  with  acetylcholine  and  sodium  cyanide. 

A  1958  monograph  of  Helmans  and  Hell  set  forth  the  results  of  ex¬ 
periments  by  Nell  in  which  it  was  shown  that  when  animals  inspire  a  gas 
mixture  with  a  subnormal  oxygen  content,  electrical  activity  is  intensi¬ 
fied  in  some  of  the  nerve  fibers  of  the  sinus  nerve  —  fibers  in  which 
no  changes  occur  when  there  is  an  excess  of  COg  in  the  Inspired  air.  Con¬ 
versely,  other  nerve  fibers  register  excitation  in  response  to  COg  and 
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at  the  same  time  do  not  produce  changes  In  response  to  oxygen  insuffi¬ 
ciency. 

It  is  extremely  difficult  to  account  for  these  data  within  the 
framework  of  the  hypotheses  th"'*'.  had  accumulated  by  the  middle  '50's 
concerning  the  excitation  process  of  the  carotid  chemoreceptor  appartus. 

Thus,  according  to  the  "acetylcholine"  hypothesis,  excitation  of 
the  sensitive  terminals  of  the  sinus  nerve  in  the  carotid  sinus  takes 
place  solely  by  way  o  acetylcholine  (or  a  similar  substance)  secreted 
by  the  chemoreceptor  cells  on  any  disturbance  to  glomera  capable  of  pro¬ 
ducing  excitation  in  it  (Schweitzer  and  Wright,  1938;  Euler  et  al., 

1939,  19^1;  Llllstrand,  1951,  195^;  Lundgren  et  al.,  1952,  195^;  Ado, 
19^7;  Ishlmova,  19^8;  Ross,  1959). 

Prom  the  standpoint  of  the  "oxygen"  hypothesis  (Vlnder,  1937;  Vin- 
tershteyn,  1955,  1958),  the  immediate  and  only  cause  of  excitation  of 
the  sinus-nerve  terminals  in  the  glomus  is  an  Increase  in  the  conci^ntra- 
tlon  of  hydrogen  ions  that  arises  by  formation  of  carbonic  acid  with  an 
excess  of  COg,  and  (given  equivalent  dlstrubances)  in  0^  insufficiency, 
by  accumulation  of  acidic  Incompletely  oxidized  products. 

Finally,  according  to  the  hypothesis  of  M.L.  Helen 'kly  (1952;  see 
also  S.V.  Anichkov  and  M.L.  Helen 'kiy,  1962),  the  unique  cause  of  exci¬ 
tation  in  the  carotid  sinus  is  a  disturban«^e  in  trie  metabolism  of  macro- 
erglc  compounds  in  its  chemoreceptor  cells.*  Here  the  excitation  of  the 
sinus-nerve  terminals  in  the  glomus  is  associated  with  an  Increase  in  the 
decomposition  of  these  compounds  (chiefly  ATF) . 

If  we  view  from  the  standpoints  of  these  hypotheses  the  nature  of 
the  information  received  by  the  central  nervous  system  as  a  result  of 
excitation  of  the  carotid  sinuses,  we  note  the  following.  From  the  stand¬ 
point  of  the  "acetylcholine"  hypothesis,  the  equals  sign  Is  placed  be¬ 
tween  such  conditions  as  hypercapnia  and  hypoxia,  since  under  these  con- 


dltlons  the  sensitive  terminals  of  the  sinus  nerve  are  excited  by  acetyl¬ 
choline,  whlcn  means  that  the  Information  produced  by  the  receptor  de¬ 
vices  In  the  glomera  Is  not  rigorously  defined.  The  "add”  and  "energy" 
hypothesis.  In  contrast  to  the  "acetylcholine"  viewpoint.  Imply  a  more 
specific  nature  for  the  Information.  According  to  the  "acid"  hypothesis, 
excitation  of  a  glomus  represents  Information  pertaining  to  acldotlc 
shifts,  while  according  to  the  "energy"  hypothesis  It  Is  Information  con¬ 
cerning  a  threat  to  the  energy  metabolism  of  the  tissues.  It  follows 
from  this  that  there  are  profound  differences  between  these  three  hypoth¬ 
eses  as  regards  the  irechanlsm  by  which  the  sensitive  terminals  of  the 
sinus  nerve  are  excited  and,  consequently,  as  regards  the  nature  of  the 
Information  generated  by  the  carotid  sinuses.  At  the  same  time,  each  of 
these  hypotheses  Is  universal  In  nature,  l.e.,  for  each  hypothesis  the 
mechanism  that  It  postulates  for  excitation  of  the  carotid  chemoreceptor 
devices  Is  the  only  process  that  could  possibly  be  responsible  for  the 
excitation  that  arises  In  the  carotid  sinus. 

The  experimental  results  of  Nielsen  and  Smith,  Startsev  and  Nell 
presented  at  the  beginning  of  this  article  stand  In  direct  disagreement 
with  this  last  conclusion.  Nor  can  be  reconcile  with  any  of  these  hypoth¬ 
eses  data  on  the  Influence  exerted  on  the  carotid  cheraoreceptors  by  sub¬ 
stances  that  have  chollnolytlc  effects  and  by  anticholinesterase  com¬ 
pounds.  According  to  a  majority  of  authors,  the  former  eliminate  and 
the  latter  intensify  the  exciting  action  on  the  glomus,  and  at  the  same 
time  exert  no  Influence  at  all  on  the  hypoxic  excitation  of  the  carotid 
cheraoreceptors  (see  surveys  by  Helmans  and  Nell,  1958;  Anichkov  and  He¬ 
len  ’kly,  1962). 

All  of  these  data  necessitated  making  a  new  pharmacological  analysis 
of  the  chemical  sensitivity  of  the  carotld-chemoreceptor  devices. 

For  the  most  part,  this  work  was  done  using  a  technique  developed 


specifically  for  this  purpose  —  one  of  perfusion  of  a  preparation  of  tne 
sinus  reflexogenlc  zone  that  had  been  completely  Isolated  from  the  or¬ 
ganism  of  the  animal  (cat)  (Krylov,  1956),  which  made  It  possible  to 
characterize  the  excitation  process  In  the  carotid  sinus  exactly  by  reg¬ 
istering  the  sinus-nerve  blocurrents  and  thus  to  determine  exactly  the 
composition  and  temperature  of  solutions  perfused  through  the  prepara¬ 
tion.  The  following  data  were  obtained  as  a  result. 

It  was  established  on  investigation  of  glomlc  chemoreceptor  excita¬ 
tion  Induced  by  acetylcholine  and  substances  with  similar  effects  (nico¬ 
tine,  cytosine)  tnat  excitation  of  the  chemoreceptors  occurs  Immediately 
upon  administration  of  a  single  dose  of  acetylcholine  to  the  sinus.  This 
excitation  Is  very  short  In  duration.  It  lasts  a  few  seconds  and  disap¬ 
pears  quickly.  Nocot Ine  and  lobeline  produce  a  similar  excitation  of  the 
chemoreceptors  when  administered  once.  When  the  carotid  sinus  Is  subject 
to  the  action  of  acetylcholine  for  an  extended  time,  excitation  of  the 
chemoreceptors  continues  quite  persistently  (many  minutes);  here,  the 
Intensity  of  the  excitation  decays  very  slowly.  On  the  other  hand,  when 
the  glomus  Is  subject  to  prolonged  treatment  with  nicotine  (or  cytosine), 
strong  excitation  of  the  chemoreceptors  lasts  only  2-3  minutes,  and  then 
dies  out  rapidly;  by  the  end  of  the  fourth  minute,  as  a  rule,  the  action 
currents  of  the  sinus  nerve  have  returned  to  the  Initial  level.  In  this 
period  of  the  continued  action  of  nicotine  (or  cytosine),  the  ability 
of  the  carotid  sinus  to  respond  to  acetylcholine  excitation  is  exhausted 
completely.  At  the  same  time,  there  is  no  change  at  all  in  the  chemore- 
ceptor-excltlng  effect  of  sodium  cyanide,  2,4-dlnltrophenol,  lactic  acid 
and  potassium  chloride.  Other  substances  that  block  n-chollne  receptors 
(curare,  paramlon,  tetraethylammonia,  hexamethonlum)  have  exactly  the 
same  effect  on  the  sinuses  as  nicotine  or  cytosine  in  the  second  (block¬ 
ing)  phase  of  their  action. 


In  analysis  of  the  hypoxic  excitation  of  the  carotid  sinus,  and  in 
study  of  the  glomlc  effect  of  2,4-dinltrophenol  —  a  substance  that  dis¬ 
turbs  the  phosphorylation  processes  associated  with  respiration  —  the 
following  observations  were  made.  On  a  single  injection  of  sodium  cyan¬ 
ide  or  dlnltrophenol  into  the  current  of  Ringer's  solution  perfusing 
through  the  preparation  of  the  sinus  reflexogenic  zone,  the  excitation 
continues  for  about  two  minutes  and  then  gradually  dies  out.  At  the  peak 
of  the  excitation,  we  frequently  observed  considerable  suppresion  of 
the  electrical  activity  in  the  sinus  nerve.  In  experiments  in  which  pro¬ 
longed  sodium- cyanide  or  dlnltrophenol  treatment  was  applied  to  the  car¬ 
otid  sinus  (during  perfusion  of  solutions  of  these  substances  through 
the  preparation),  excitation  of  the  carotid  chemoreceptor  apparatus 
arose,  as  In  one-shock  treatment,  not  Immediately,  but  10-15  seconds  af¬ 
ter  perfusion  was  begun.  The  excitation  continued  for  2-3  minutes,  and, 
as  a  rule,  had  ended  by  the  fourth  minute.  The  action  currents  of  the 
sinus  nerve  returned  to  the  initial  level  during  this  time  in  which  the 
cyanide  or  dlnltrophenol  solution  was  being  perfused.  Introduction  of 
acetylcholine,  lactic  acid  and  potassium  chloride  into  the  flow  of  per¬ 
fusate  against  this  background  was  invariably  accompanied  by  an  Increase 
in  the  electrical  activity  of  the  sinus  nerve.  This  represents  testimony 
to  the  effect  that  under  conditions  in  which  the  carotid  sinus  has  ceas¬ 
ed  to  react  to  prolonged  treatment  with  cyanide  or  dlnltrophenol,  its 
ability  to  respond  by  excitation  to  acetylcholine,  "acidic"  conditions 
in  the  medium  (to  lactic  acid)  and  to  potassium  chloride  is  still  re¬ 
tained  In  full. 

In  analyzing  hypoxic  excitation  of  the  carotid  sinus,  it  was  also 
established  that  anticholinesterase  substances  do  not  affect  the  sensi¬ 
tivity  of  the  chemoreceptor  apparatus  to  sodium  cyanide.  It  was  further 
shown  that  on  a  considerable  alkaline  shift  in  the  pH  of  the  carotid 
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sinus.  Its  capacity  to  respond  by  excitation  to  sodium  cyanide  is  not 
substantially  affected. 

It  is  necessary  to  note  the  following  point  in  evaluating  the  exci¬ 
ting  effect  of  acid  on  the  carotid  sinus.  When  lactic  acid  is  Introduced 
into  the  current  of  Ringer's  solution  being  passed  through  the  Isolated 
preparation  of  the  sinus  reflexogenlc  zone,  a  sharp  quickening  and  ampli¬ 
tude  Increase  appears  in  the  action  currents  of  the  sinus  nerve  —  an  ef¬ 
fect  that  might  be  regarded  as  excitation  of  the  glomlc  chemoreceptors . 
This  excitation  arises  immediately  after  introduction  of  the  acid  and 
ceases  after  a  few  (10-15)  seconds.  Acid  excitation  of  the  sinus  is  quite 
similar  in  nature  to  the  exciting  effect  of  acetylcholine. 

The  following  are  among  the  other  peculiarities  noted  in  the  exci¬ 
ting  effect  of  latlc  acid  on  the  glomus:  when  the  choline  receptors  of 
the  sinus  are  blocked,  its  ability  to  respond  with  excitation  to  lactic 
acid  is  retained,  as  is  the  exciting  effect  of  the  acid  on  the  glomus 
while,  for  example,  sodium  cyanide  is  acting  continuously  on  the  sinus, 
when  the  excitation  produced  by  it  (the  cyanide)  disappeared  completely. 

It  was  established  in  an  investigation  of  the  sensitivity  of  the 
carotid  sinus  at  various  temperatures  that  a  drop  in  the  tenperature  of 
the  glomus  even  to  10-12°  has  no  fundaunental  effect  on  its  ability  to 
respond  by  excitation  to  acetylcholine  (and  substances  with  similar  ef¬ 
fects),  to  lactic  acid  and  to  potassium  chloride.  When  the  tenperature 
of  the  glomus  is  depressed,  the  first  phase  of  the  exciting  effect  of 
sodium  adenosine  triphosphate  on  it  is  also  preserved.  At  the  same  time, 
when  the  temperature  of  the  sinus  is  lowered  to  20°  and  the  more  so  at 
lower  temperatures,  the  exciting  effect  of  sodium  cyanide  and  2,4-dlnl- 
trophenol  on  the  chemoreceptors  vanishes  Just  as  completely. 

On  assembling  all  data  (including  those  borrowed  from  works  of 
other  investigators,  but  chiefly  the  results  of  the  present  experiments) 
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characterizing  the  excitation  of  the  carotid  sinus.  It  can  be  seen  that 
there  Is  a  fundamental  difference  between  the  excitation  of  the  glomus 
l»'duced  by  acetylcholine  and  acid  on  the  one  hand  and,  on  the  other,  the 
excitation  caused  by  sodium  cyanide  and  2,4  -  dlnitrophenol.*  Essentially, 
It  consists  In  the  fact  that  excitation  of  the  carotid  sinuses  by  sub¬ 
stances  of  the  first  group  (l.e.,  acetylcholine  and  acid  excitation  of 
the  chemoreceptor  devices)  may  arise  and  proceed  under  conditions  such 
that  hypoxic  excitation  cannot  occur  (or  excitation  equivalent  to  It). 
This  forces  us  to  the  conclusion  that  the  mechanism  of  acetylcholine  and 
acid  excitation  of  the  carotid  sinuses  must  differ  basically  from,  and 
be  independent  of,  the  mechanism  of  hypoxic  glomic  excitation.  A  general 
conclusion  that  may  be  formulated  as  follows  proceeds  from  this:  two 
chemoreceptor  mechanisms,  two  independent  processes,  each  of  which  is 
responsible  for  a  definite  excitation  that  is  peculiar  to  it,  may  be 
realized  in  the  c€u:»otld  sinuses  —  and  herein  there  probably  lies  the 
basic  essence  of  the  chemoreceptor  principal  of  the  sinus  reflexogenic 
zone  (Krylov,  I960,  1962) . 

If,  adopting  these  premises,  we  consider  the  carotid  chemoreceptors 
as  devices  that  inform  the  central  nervous  system,  then  the  information 
that  they  generate  may  be  represented  in  the  following  form. 

It  can  be  assumed  that  acid  excitation  of  the  carotid  chemorecep¬ 
tors,  which,  in  the  last  analysis,  results  in  a  sharp  increase  in  pulmon¬ 
ary  ventilation,  is,  on  the  basis  of  its  origin,  an  apprisal  of  the  cen¬ 
tral  apparatus  of  the  nervous  system  that  acid  metabolism  products 
(either  incompletely  oxidized  products  such  as  lactic  acid  or  final  pro¬ 
ducts  such  as  carbon  dioxide)  have  accumulated  in  the  tissues  of  the 
organism,  and  the  carotid  sinus  in  particular,  and  must  be  eliminated 
from  the  organism.  Elimination  of  these  products  is  possible  by  way  of 
excretion  in  the  respiratory  process  (in  the  case  of  accumulation  of  in- 


completely  oxidized  products.  It  Is  first  neceaary  to  oxidize  them  to 
carbon  dioxide),  and  this  requires  increased  pulmonary  ventilation. 

From  this  standpoint,  acetylcholine  excitation  of  the  carotid  chem- 
oreceptors  may  probably  be  added  to  acid  excitation  (and,  apparantly, 
to  hypoxic  excitation  as  well)  under  conditions  that  are  extremely  dif¬ 
ficult  for  the  organism,  as  yet  another  of  the  reflex  stimuli  to  respir¬ 
ation,  Highly  compatible  with  this  point  of  view  are  results  obtained 
in  Oesell's  laboratory  (19^2),  an  acid  shift  In  the  pH  may  anqpllfy  the 
effect  of  acetylcholine  by  Inhibiting  the  activity  of  cholinesterase, 
which  Is  suppresed  to  a  considerable  degree  under  acid  conditions.  These 
data  permit  the  assertion  that  the  effect  of  acid  and  acetylcholine  on 
the  carotid  sinuses  take  the  same  direction  and  have  the  same  signifi¬ 
cance  —  chiefly  In  that  they  Increase  the  pulmonary  ventilation  volume. 

To  a  considerable  degree,  the  pulmonary  ventilation  volume  and  the 
hemoglobin  content  of  the  blood  determine  the  level  of  acid-base  balance 
In  the  organism,  and  this,  in  turn,  governs  directly  the  degree  to  which 
the  mechanism  of  carotld-cheraoreceptor  acid  excitation  Is  brought  Int^ 
play. 

Remembering  here  that  the  pulmonary  ventilation  volume  determines 
the  level  of  acldotlc  shifts  In  the  organism,  we  may  regard  the  mechan¬ 
ism  of  carotld-slnus  acid  excitation  as  one  of  the  adaptations  for  regu¬ 
lating  acid-base  balance  in  the  organism,  while  acid  excitation  itself 
would  be  seen  as  Informing  the  central  nervous  system  of  the  acldotlc 
shifts  In  the  organism. 

As  concerns  hypoxic  (and  equivalent)  excitation  of  the  carotid  chem- 
oreceptors,  It  Is  distinguished  by  one  extremely  Important  circumstance. 
When  the  c-irotld  sinuses  are  put  out  of  action,  the  unprepared  organism 
Is  Incapable  of  responding  by  excitation  of  respiration  to  conditions  of 
acute  hypoxia.  Furthermore,  after  the  carotid  sinuses  have  been  excluded 
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by  a  resection  of  the  sinus  nerves  (Heimans  et  al.,  1931,  1933)  or  af-  l 
ter  extirpation  of  the  carotid  sinuses  (Belen'kiy,  1952),  acute  hypoxia  I 
suppresses  respiration  aiid  produces  a  i^eneral  depression  of  the  animal,  | 
a  characteristic  of  t.'»e  basic  role  of  the  carotid  sinuses  in  the  organ-  | 
Ism  during  acute  hypoxia.  | 

If  we  consider  hypoxic  excitable, *  of  breathing  from  the  standpoint  i 
of  the  partisans  of  the  "acid”  hypothesis,  chiefly  Winder  and  Wlnter- 
steln,  who  assume  that  during  hypoxia,  as  a  result  of  glycolysis,  acid  | 
products  accumulate  In  the  carotid  sirus  and  thereby  increase  the  con-  | 
centratlon  of  hydrogen  Ions,  with  the  result  that  the  chemoreceptors  are  I 
excited,  then  It  Is  necessary  to  assume  that  glycolysis  and  the  forma¬ 
tion  of  acid  products  In  hypoxia  are  possible  only  In  the  carotid  sinus¬ 
es,  since  their  exclusion  during  acute  hypoxia  tends  to  suppress  respir¬ 
ation.  This  assumption  Is  found  to  be  rather  Improbable,  since  It  does 
not  have  any  experimental  confirmation. 

In  view  of  the  fact  that  the  organism  has  highly  effective  "stand¬ 
by"  systems  capable.  In  the  absence  of  the  carotid  sinuses,  of  assuring 
excitation  of  respiration  when  there  is  a  significant  acid  shift  In  pH, 

It  Is  extremely  difficult  to  accept  the  proposition  that  these  systems 
are  not  In  a  position  to  react  to  the  presence  of  acid  products  formed 
in  the  tissues  during  hypoxia  when  the  carotid  sinuses  have  been  removed. 
All  this  tends  to  suggest  that  some  mechanism  other  tlian  that  assumed  by 
the  supporters  of  the  "acid"  hypothesis  must  lie  at  the  bottom  of  hypox¬ 
ic  excitation  of  the  carotid  sinuses.  It  Is  most  probable  that  a  disturb¬ 
ance  to  the  metabolism  of  the  macroerglc  compounds,  and  ATP  in  particu¬ 
lar,  Is  behind  this  mechanism  —  an  idea  developed  by  M.L.  Belen'kiy 
(1952;  see  also  Anichkov  and  Belen'kiy,  1962).  It  follows  from  this  that 
In  contrast  to  acid  and  acetylcholine  excitation  of  the  glomera,  their 
excitation  In  hypoxia  and  under  conditions  corresponding  to  It  represents 


apprlsal  of  the  central  nervous  system  of  a  threat  to  the  oxidative  pro¬ 
cesses,  chiefly  to  the  energy  metabolism  of  the  tissues. 

Considering  all  of  these  data,  we  see  that  the  research  results  of 
Nielsen  and  Smith,  Startsev  and  Nell  as  cited  above  are  satisfactorily 
explained  in  terms  of  two  independent  cheraorecept-^.'  mechanisms  in  the 
carotid  sinuses,  and  that  these  data  themselves  confirm  the  new  concep¬ 
tion  as  to  the  fui.ctionlng  of  these  sinuses. 
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311  *Por  the  sake  of  brevity,  the  hypothesis  of  M.L.  Helen 'kly 

will  subsequently  be  referred  to  as  the  "energy”  hypothesis. 

316  *A  coitaln  difference  between  acetylcholine  and  acid  excita¬ 

tion,  consisting  In  the  fact  that  when  the  choline  receptors 
of  the  sinus  are  blocked,  acid  continues  to  exert  an  exciting 
Influence  on  the  glomus,  is  apparently  not  fundamental,  since 
there  are  very  points  of  similarity  between  the  exciting  ef¬ 
fects  of  acetylcholine  and  acid  on  the  sinuses  and  only  this 
single  difference.  The  latter  should  rather  be  regarded  as  a 
result  of  the  action  of  acetylcholine  and  acid  (hydrogen  ions) 
on  different  parts  of  the  same  receptor  system,  instead  of 
attempting  to  postulate  the  presence  of  separate  receptor  sys¬ 
tems  In  the  carotid  sinus,  one  of  which  responds  to  acetyl¬ 
choline,  while  the  other  responds  to  an  elevation  of  the  hydro¬ 
gen-ion  concentration. 
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INFLUENCE  OP  OXYGEN  STARVATION  ON  INTEROCEPTIVE  REFLEXES 
(FEMORAL- ARTERY  CHEMORECEPTORS) 

R.Z.  Posdnyakova 
(Frunze) 

It  has  been  established  from  the  time  of  Helmans  that  the  leading 
role  In  maintaining  a  stable  oxygen  partial  pressure  In  the  bloof^  must 
be  ascribed  to  the  chemoreceptors  In  the  carotid  and  aortal  refle.ogen- 
Ic  zones,  which  possess  exceedingly  high  sensitivity  to  changes  In  the 
organism's  Internal  environment. 

It  has  been  shown  subsequently  by  the  work  of  Soviet  sclent; sts 
(Bykov,  Chernigovskiy,  Galkin  et  al.)  and  foreign  authors  that  ohemore- 
ceptcrs  situated  outside  the  carotid  and  aortal  zones  also  respond  to 
changes  \n  oxygen  partial  pressure,  and  especially  changes  In  the  pH  of 
the  arterial  bloc^l. 

If  we  consider  the  participation  of  peripheral-vessel  and  tissue 
chemoreceptors  and  their  role  In  maintaining  homeostasis,  then  the  ques 
tlon  naturally  arises  as  to  whether  their  excitability  under  the  condi¬ 
tions  of  oxygen  starvation  changes,  and  If  It  does,  then  how  It  does. 
Clarification  of  this  question  acquires  even  greater  significance  as  a 
result  of  the  fact  that  there  has  been  almost  no  studies  devoted  to 
changes  in  the  excitability  of  the  peripheral- vessel  chemoreceptors  un¬ 
der  the  conditions  of  oxygen  Insufficiency,  nor  many  works  concerned 
with  the  reflex  response  on  the  part  of  these  Interoceptors  In  hypoxia. 
The  present  paper  Is  devoted  to  clarification  of  these  questions. 

We  studied  Interoceptive  reflexes  from  the  chemoreceptors  of  the 


-  320  - 


femoral  artery  under  the  conditions  of  transitory  and  n;ore  chronic  hy- 
Pv:)xlc  hypoxia  and  under  the  conditions  of  local  circulatory  oxygen  in¬ 
sufficiency.  The  criterion  on  the  basis  of  which  we  Judged  the  excita¬ 
bility  of  the  femoral- artery  chemcreceptors  under  the  conditions  of  oxy¬ 
gen  insufficiency  was  the  change,  during  hypoxia,  in  the  Interoceptive 
reflexes  —  the  change  in  the  threshold  concentration  of  lactic  acid  so¬ 
lution  whose  injection  into  the  femoral  artery  of  a  dog  would  proudce  a 
reflex  reaction  of  the  arterial  pressure  and  respiration. 

Concurrently  with  registration  of  the  interoceptive  reflexes  Uiider 
normal  conditions  and  when  the  dogs  were  in  hypoxic  hypoxia,  we  investi¬ 
gated  such  indicators  as  the  cxygen  and  carbon  dioxide  conte?its  of  the 
arterial  blood  and  the  blood  pH. 

In  all  of  the  experiments  that  we  set  up,  transitory  hypoxic  hypox¬ 
ia  was  Induced  by  use  of  a  mixture  of  nitrogen  with  lOJt  of  oxygen.  The 
animal  breathed  this  mixture  for  20-25  minutes.  The  Influence  of  more 
protracted  hypoxic  hypoxia  (one  to  three  days)  on  the  interoceptive  re¬ 
flexes  was  studied  in  the  uountalna  at  an  altitude  of  3200  m.  Local  cir¬ 
culatory  hypoxia  was  induced  by  tournlqueting  the  femoral  artery  for  var¬ 
ious  times  (from  10  to  90  minutes). 

Lactic  acids  in  solution  concentrations  ranging  from  0.001  to  1% 
was  used  as  the  stimulus.  It  was  injected  into  the  femoral  artery  in  the 
central  direction,  against  the  blood  flow,  in  an  amount  figured  to  pro¬ 
duce  0.5  nil  per  1  kg  of  the  animal's  weight.  In  the  experiments  with 
circulatory  hypoxia,  the  lactic  acid  solution  was  always  adrnlnlf tered  in 
2-ml  quantities. 

The  experiments  were  run  on  dogs  that  had  been  anesthetized  by  In¬ 
travenous  injection  of  sodium  thiopental. 

Under  the  conditions  of  transitory  hypoxic  hypoxia  Induced  by 
breathing  a  mixture  of  nitrogen  with  1Q%  of  oxygen,  the  oxygen  content 
in  the  arterial  blood  of  the  experimental  dogs  dropped  from  the  normal 
value  of  17.57  to  Ih by  volume,  while  the  carbon  dioxide  content  di¬ 
minished  correspondingly  from  31.27  to  27.935^  t)y  volume.  The  actual  re¬ 
action  of  the  blood  changed  in  the  direction  of  alkalosis.  We  detected 
a  drop  in  the  threshold  concentration  of  lactic  acid  solution:  thus, 
while  the  threshold  concentration  had  varied  in  the  range  of  0.05-0.1^ 
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in  ih3  acid  solution  in  dogs  with  nonral  pOg#  this  threshold  solution 
concentration,  that  which  produced  a  reaction  on  the  part  of  the  arter¬ 
ial  pressure  and  respiration,  was  lower,  varying  from  0.001-0.01^  In 
the  solution  during  the  acute  hypoxia.  In  response  to  stimulation  of 
the  chemoreceptors,  the  arterial  pressure  dropped  in  all  dogs,  both  un¬ 
der  normal  conditions  and  during  short-term  hypoxic  hypoxia.  Respiration 
showed  changes  in  far  from  all  cases  on  stimulation  of  the  femoral-ar¬ 
tery  chemoreceptors,  and  these  variations  concisted  in  a  decrease  in  am¬ 
plitude  and  frequency  of  the  respix^tory  movements. 

For  the  sake  of  clarity,  we  present  one  of  the  experiments  of  this 
series  (Pig.  l).  As  will  be  seen  from  Pig.  1,  the  normal  threshold  con¬ 
centration,  whose  Injection  into  the  femoral  artery  produced  a  reflex 
lowering  of  the  arterial  pressure,  was  a  0.05^  acid  soluticxi.  Against 
the  background  of  developed  hypoxia,  a  similar  reaction  was  noted  on  ad¬ 
ministration  of  a  O.OX^  solution  of  the  acid.  Then  the  pressure  dropped 
to  l8  mm  Hg.  The  changes  In  respiration  were  much  less  distinctly  mani¬ 
fest  . 

In  experiments  conducted  1 1  the  mountains  at  an  altitude  of  3200  m, 
the  hypoxemic  state  of  the  animal  during  the  first  three  days  of  the  so¬ 
journ  there.  Just  as  with  transitory  oxygen  starvation,  was  characterized 
by  a  drop  in  the  oxygmi  caitent  of  the  arterial  blood  (from  l8.01  to 
15.24ji  by  volume),  by  a  decrease  in  the  carbon  dioxide  content  (from 
37.14  to  31*66$(  by  volume,  and  by  a  pH  shift  in  the  blood  in  the  direc¬ 
tion  of  alkalosis. 

The  Interoceptive  reflexes  were  also  found  to  have  been  intensified 
against  this  background  of  an  internal  medium  modified  by  hypoxia.  In 
the  control  dogs  (at  Frunze),  the  threshold  concentration  that  produced 
the  initial  changes  in  pressure  and  respiration  varied  from  0.1-0.55^  of 
the  acid  in  the  solution.  At  the  3200-meter  altitude,  the  same  reaction 


Pig.  1.  Experiment  run  under  conditions  of  experlme.. tally  produced  hypox¬ 
ia  (breathing  of  a  mixture  of  njtrogen  with  10^  of  oxygen) .  Change  In  ar¬ 
terial  pressure  and  respiration  on  administration  of  a  stimulant  Into 
the  femoral  artery  of  a  dog,  a)  iJnder  normal  conditions;  b)  under  the 
conditions  of  hypoxia.  Curves  (from  top  to  bottom):  respiration,  arter¬ 
ial  pressure,  time  marker,  stimulus  marker.  A)  6  ml  of  0.05515  [solution]. 


was  observed  In  unaccllmatlned  dogs  on  administration  of  0. 001-0. 0055^ 
solutions  of  latlc  acid  Into  the  femoral  artery.  On  stimulation  of  the 
chemoreceptors,  under  both  normal  and  hypoxic  conditions,  the  arterial 
pressure  diminished  In  almost  all  the  dogs.  The  respiratory  changes 
were  manifested  In  decreased  amplitude  of  the  respiratory  movements,  but 
the  magnitude  of  these  changes  was  considerably  greater  In  hypoxia  than 
under  normal  conditions. 

Figure  2  reflects  one  of  the  experiments  of  this  series.  In  the  con¬ 
trol  dog,  the  threshold  concentration  was  found  to  be  0.015^  of  acid  In 
the  solution,  and  Its  Injection  Into  the  femoral  artery  lowered  the  ar¬ 
terial  pressure  by  12  ram  Hg.  In  an  unaccllmatlzed  dog  taken  to  the  moun¬ 
tains,  the  analogous  reaction  was  noted  on  Injection  of  a  0.005^  solu¬ 
tion  of  the  acid.  Here  the  arterial  pressure  dropped  by  24  mm  Hg.  The 
respiratory  changes  were  also  distinctly  manifest. 

Thus,  our  experiments  with  transitory  and  more  protracted  (one  to 
tliree  days)  hypoxic  hypoxia  produced  quite  similar  results,  which  sug¬ 
gest  that  a  moderate  degree  of  hypoxia  strengthens  the  arterial-pressure 
I  \  and  respiration  reflex  reaction  from  the  chemorecptors  of  the  peripteral 
vessel  (femoral  artery).  At  the  altitude  of  3200  m,  however,  this 
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strengthening  was  nrare  distinct  than  during  hypoxia  Induced  by  Inhala-  | 
tlon  of  a  gas  mixture  with  10^  oxygen.  To  judge  from  the  drop  In  oxygen  I 
content  In  the  arterial  blood  of  the  dogs,  this  may  probably  be  account- I 

i 

ed  for  by  the  milder  degree  of  hypoxia  In  the  mountains.  It  would  also  j 
appear  that  we  may  not  exclude  the  action  of  other  factors  in  the  high 
mountains:  temperature,  ultraviolet  radiation  and  others,  which  might 
possibly  contributed  to  amplification  of  the  reflex  reaction. 


A  0m(Ul0i%  ^  Ompa-ft  0m0a%  OmlWt% 


Fig.  2.  Change  In  arterial  pressure  and  respiration  on  Injection  of  a 
stimulant  Into  the  femoral  artery  of  a  dog.  a)  At  the  town  of  Frunze; 
b)  In  the  mountains,  at  an  altitude  of  3200  m  above  sea  level.  Legend 
same  as  In  Pig.  1.  A)  9  ml  of  0.0055^  [acid  solution];  B)  9  physio¬ 

logical  solution. 

To  eliminate  the  Influence  of  oxygen  starvation  on  the  cortical  ter¬ 
minal  of  the  Interoceptive  analyzer  (as  arises  In  experiments  with  hypox¬ 
ic  hypoxia),  while  still  maintaining  the  effect  of  oxygen  Insufficiency 
at  Its  periphery,  we  set  up  a  series  of  experiments  with  local  circula¬ 
tory  hypoxia.  We  chose  Ischemic  hypoxia  as  a  means  of  Inducing  local  oxy¬ 
gen  starvation,  reasoning  that  we  could.  In  these  experiments,  ascertain 
not  only  the  influence  of  the  oxygen-lnsuff Iclency  factor  directly  on 


-  324  - 


Pig,  3.  Threshold  concentrations  of  lactic  acid  solution,  producing  re¬ 
flexes  from  vascular  chemoreceptors .  a)  Under  normal  conditions;  b)  un¬ 
der  the  conditions  of  transitory  circulatory  hypoxia  Induced  by  shutting 
off  blood  supply  to  the  extremity  of  the  dog  for  10-15  minutes.  A)  Thres¬ 
hold  ccncentratlon  of  lactic  acid  solution  (in  ^) ;  B)  experiment  No. 

the  chemoreceptors,  but  also  answer  the  question  as  to  whether  parallel¬ 
ism  exists  1/  the  action  of  different  forms  of  hypoxia  (hypoxic  and  cir¬ 
culatory)  on  the  Interoceptive  analyzer. 

Experiments  performed  under  the  conditions  of  local  oxygen  Insuffi¬ 
ciency  on  Intact  and  Isolated  dog  extremities  showed  that  in  short-term 
hypoxia  (10-15  min),  the  threshold  concentration  of  lactic  acid  solution 
was  depressed  as  compared  with  data  obtained  while  le  extremity  was  re¬ 
ceiving  Its  normal  blood  supply  and  in  cases  when  the  stimulant  was  ad¬ 
ministered  immediately  (within  2-3  min)  after  application  of  a  temporary 
clamp  to  femoral  artery. 

Figure  3  reflects  the  lowering  of  the  threshold  lactic  acid  concen¬ 
trations  uncer  the  conditions  of  transitory  circulatory  hypoxia.  As  will 
be  seen  from  Pig.  3»  the  threshold  concentration  varir-d  from  1-0. IJ^  of 
acid  in  the  solution  when  the  extremity  was  receiving  Its  normal  blood 
supply,  while  under  the  conditions  of  transitory  (10-15  min)  circulatory 
hypoxia,  the  range  of  variation  of  the  threshold  concentration  was  0.5- 
0.0055^  of  the  acid  in  solution. 

Aggravation  of  the  hypo.cia,  induced  by  prolonging  the  time  during 
which  the  blood  supply  was  Interrupted  to  60-90  min,  resulted  in  total 
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suppression  of  the  interoceptive  reflexes  from  the  chemoreceptcrs  of  the 
i^aln  vessel  in  the  extremity.  The  reflex  nature  of  the  response  reactions 
obtained  in  our  experiments  is  demonstrated  by  the  short  latent  period 
and  by  the  absence  of  changes  in  arterial  pressure  and  respiration  on  in¬ 
jection  of  the  stimulant  into  the  femoral  artery  when  the  extremity  had 
first  been  denervated  (Pig.  <*). 


Pig.  4,  Experiment  indicating  the  absence  of  reflex  reaction  of  arterial 
pressure  and  respiration  on  stimulation  of  femoral  artery  chemoreceptors 
in  previously  denervated  dog  extremity.  A)  2  ml  of  0.5^  [acid  solution]. 

The  clearest  proof  of  the  reflex  nature  of  these  response  reactions 
is  found  in  experiments  with  crossed-over  blood  circulation,  in  which 
the  Isolated  extremity  of  a  dog,  retaining  only  the  nerve  connections  to 
i.ie  organism  of  the  host,  was  switched  into  the  circulatory  system  of  a 
donor  dog.  Stimulant  injected  into  the  femoral  artery  of  the  isolated 
extremity  of  the  recipient  dog  produced  a  change  in  its  respiration  and 
pressure,  while  no  effect  was  observed  in  the  donor  dog  on  such  adminis¬ 
tration. 

On  the  basis  of  the  studies  made,  therefore,  we  may  arrive  at  the 
conclusion  that  under  the  conditions  of  transitory  and,  accordingly, 
mild  hypoxic  and  circulatory  hypoxia,  the  interoceptive  reflexes  from 
the  chemoreceptors  of  the  peripheral  vessels  are  intensified,  and  that 
an  Increase  in  the  excitability  of  the  peripheral  end  of  the  interocep- 


tlve  analyzer  Is  responsible  for  this.  This  does  not_,  however,  exclude 


the  possibility 
central  part  of 


that  under  the  same  conditions  the  excitability  of  the 
the  interoceptive  analyzer  is  also  increased. 


DEVELOPMENT  OP  EXPERIMENTAL  MYOCARDIAL  INJj'ARCT  IN  ARTERIAL  HYPOTONIA 
M.I.  Gui’fc'vlch,  M.Ye.  Kvllnitskly,  N.G.  Kochemasova, 

Yu.S.  Kozachuk  and  M.N.  Levchenko 
(Kiev) 

The  question  as  to  the  state  of  the  coronary  blood  circulation  in 
chronic  arterial  hypertonia  has  been  given  altogether  Inadequate  study. 
Occasional  data  in  the  literature  concern  studies  of  the  coronary  circu¬ 
lation  in  acute  experimental  hypotonia  (Eckenhoffer  et  al.,  19^8;  Heckel, 
Sanchetta  and  Kleinermann,  1956;  Lin  et  al.,  1956).  Of  particular  inter¬ 
est  are  the  question  as  to  the  state  of  the  heart’s  blood  supply  in 
chronic  arterial  hypotonia  and  the  closely  related  question  as  to  the 
features  of  the  course  of  experimentally  Induced  focal  ischemia  of  the 
myocardium  in  chronic  arterial  hyrjtonia. 

Our  investigations  were  performed  on  rabbitt  in  which  arterial  hy¬ 
pertonia  had  been  induced  by  removal  of  the  adrenal  glands.  Together  with 
the  stable  decrease  in  arterial  pressure  —  chronic  arterial  hypertonia 
—  the  animals  showed  characteristic  changes  In  the  electrocardiogram  and 
shifts  in  the  electrolytic  composition  of  the  blood.  Examination  of  the 
electrocardiograms  of  r'.nlmals  with  experimental  arterial  hypotonia 
brought  out  a  distinct  tendency  toward  slackening  of  the  cardiac  rhythm 
and  prolongation  of  the  heart's  electrical  systole;  tra.nsitory  changes 
in  the  T-wave  were  observed  (two  phased  configuration  with  negative  phase 
first),  together  with  a  sharpening  anu  narrowing  of  the  base  of  the 
and  T^  waves  and  changes  in  the  voltage  of  the  R-wave. 

These  changes  in  the  waves  and  intervals  of  the  electrocardiogram 


could  be  treated  as  a  reflection  of  changes  In  the  exchange  of  electro¬ 
lytes  In  the  myocardium.  Studies  conducted  In  connection  with  this  to 
determine  the  potassium  auid  sodium  contents  In  the  blood  of  experimental 
animals  (M.N.  Levchenko  and  N.O.  Kochemasova)  brought  to  light  a  consid¬ 
erable  Increase  In  potassium  content  coupled  with  a  decrease  In  the  so¬ 
dium  content  of  the  blood  of  animals  with  experimental  suprarenal  hypo¬ 
tonia  (see  Table).  In  some  of  the  hypertonic  rabbits.  It  was  possible  to 
detect  (from  the  electrocardiogram)  signs  of  focal  damage  to  the  myocar¬ 
dium. 


Change  In  Content  of  Sodium  and  Potassium 
In  Blood  Serum  of  Rabbits  with  Experimen¬ 
tal  Hypertonia 


1 

M  cpo«mia 

2  ilo  jMMJMmm 

C:  (lOCM  yjMJtBM 

- j, - 

4 

K.  Ma*/4 

~)lt.  «*M/4 

K.  JtfW/4 

12 

133.9 

3,4 

128.2 

3.7 

20 

IS2.t 

4.0 

1173 

43 

58 

148.2 

4,4 

131.7 

5.0 

59 

158.6 

3.9 

152.1 

5.0 

65 

152,6 

3J 

148.6 

4.5 

66 

4j6 

5.4 

67 

4j6 

4.7 

68 

4.5 

— 

63 

69 

4.4 

— 

4.4 

70 

3,9 

7.6 

72 

165.0 

4.7 

144.3 

5.0 

73 

152.1 

3,9 

140,0 

53 

75 

155,5 

4.3 

143,4 

5.1 

78 

155,0 

4.5 

154,3 

52 

79 

168,2 

5.2 

133,0 

6.9 

82 

156,5 

5.2 

150.0 

7.5  • 

64 

141.2 

4.3 

136.9 

53 

85 

154.3 

4.1 

136,9 

5.6 

90 

141,2 

4.6 

139.1 

5.0 

96 

145,2 

4.3 

136.9 

4.7 

97 

161,6 

4.1 

136,8 

4.4 

104 

144,3 

4.6 

141.2 

5.6 

CpeAHce^ 

O 

153,2 

4.3 

139.5 

5.3 

l)  Rabbit  No.;  2)  before  removal  of  suprarenals;  3)  Na,  rneq/llter;  4)  K, 
meci/llter;  5)  after  removal  of  suprarenals;  6)  average. 

In  a  second  series  of  experiments,  15  rabbits  wltn  experimental  hy¬ 
potonia  showed  focal  disturbance  to  the  blood  supply  of  the  myocardium. 
Closing  the  lumen  of  a  coronary  artery  In  animals  with  chronic  arterial 
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Ig,  ;  Dynmics  of  electrocardiogram  changes  In  rabbit  No.  65  with  ex- 
irlmental  hypotonia  after  tying  off  a  branch  of  the  coronary  artery, 
xperlment  of  3  February  196I, 

One  minute  (a)  after  closing  the  lumen  of  a  branch  of  the  coronary 
rtery.  we  note  a  rise  In  the  S-T  segment,  and  this  Increases  progress- 
/ely  (b).  In  the  fourth  minute  (c),  we  observe  polytoplc  extrasystololy, 
nlch  goes  over  Into  short  attacks  of  ventricular  fibrillation.  (To  pro- 
ide  a  rw)re  complete  characterization  of  the  changes  observed,  we  pre- 
ent  the  electrocardlo^am  In  the  standard,  amplified  extremity  and  pre- 
ordlal  derivations  (d;.  The  EKQ  changes  Indicate  the  presence  of  an  ex- 
enslve  Ischemic  focus  enccnnpasslng  the  anterior,  posterior  and  lateral 
alls  of  the  heart.  After  9  minutes,  the  ventricular  fibrillation  has  de- 
eloped  and  death  of  the  animal  follows  (e). 

ypertonla  was  accompanied  by  a  sharp  drop  In  arterial  pressure,  changes 
n  the  electrocardiogram,  and  a  higher  mortality  rate  among  the  animals 
n  the  first  few  minutes  after  closure  of  the  coronary  lumen,  as  compar- 
d  to  the  control  group. 

The  electrocardiogram  changes  were  characterized  by  a  severe  dis- 
urbance  to  the  cardiac  rhythm  —  extrasystollc  arrhythmia  of  a  Do‘'ytopic 
ype,  usually  against  a  background  of  diminishing  pulse  rate.  Attacks  cf 
aroxysmal  tachycardia  were  noted  frequently,  and  frequently  terminated 
n  ventricular  fibrillation  and  death  of  the  animals.  A  sharp  rise  In 
he  RS-T  segment.  Inversion  of  the  QRS  complex,  and  prolongation  of  the 
lectrlcal  systole  were  observed.  The  Q-wave  appeared  much  earlier  in  an- 
mals  with  hypotension  than  In  the  control  animals  with  normal  tone  (Pig. 
). 
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The  electrocardiographic  investigations  Indicated  tnat  focal 
Ischemia  induced  against  a  background  of  chronic  arterial  hypertaonia 
causes  the  development  of  a  more  extensive  necrotic  focus  and  a  broader 
zone  of  injury  and  hypoxia  in  the  myocardium. 

Morphological  examinations  of  the  hearts  of  these  animals  performed 
in  the  pathological  anatomy  department  of  the  A. A.  Bogomolets  Kiev  Med¬ 
ical  Institute  (department  director  Professor  Ye. I.  Chaika)  by  Yu.S. 
Kozachuk,  confirmed  this  conclusion  fully.  In  experimental  myocardial 
Infarct  in  animals  with  “arterial  hypotonia,  a  zone  of  extensive  extrava¬ 
sation  can  be  observed  even  macroscoplcally  in  the  infarcted  region, 
with  softening  and  acute  aneurysmatic  dilatations  of  the  wall  in  fresh 
cases.  Morphological  examination  of  the  hearts  of  rabbits  with  experi¬ 
mental  hypotonia  showed  a  collaptold  state  of  the  venous,  arterial  and 
capillairy  systems  with  distinct  paresis  of  the  vessels,  which  were 
severely  distended  and  overfilled  with  blood.  Also  noted  were  extensive 
perivascular  extravasations,  sometimes  in  the  form  of  layered  hematomas, 

;  only  in  the  zone  and  around  the  periphery  of  the  Ischemic  focus  distal 
:  from  the  ligature,  but  frequently  also  above  the  ligature.  It  was  possi- 
I  ble  to  note  the  appearance  of  so-called  "lakes”  of  hemostases  and  lym- 
:  phostases,  stases  with  hemosiderin,  which  had  formed,  in  all  probability, 

I  prior  to  ligature  (Fig.  2) .  These  changes  contributed  to  the  graver  de- 
1  velopment  and  course  of  the  myocardial  infarct. 

On  histological  and  hlstochemlcai  examination,  the  disappearance  of 
1  glycogen  was  noted  in  the  ischemic  zones,  and  Intensive  leucocytic  infil¬ 
tration  was  detected  In  the  marginal  zones  (Fig.  3) •  Subsequent  observa¬ 
tions  here  included  nuclear  fragments,  a  macrophagic  reaction  with  phago¬ 
cytosis  of  the  necrotized  muscles,  and  basophilia  of  the  intermediate 
I  substance . 

All  Infarcted  zones  showed  profound  derangement  of  blood  circulation 
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Pig.  2.  Rabbit  No.  75.  Exper¬ 
iment  of  30  October  196I . 

Death  9  minutes  after  closing 
the  lumen  of  the  coronary-ar¬ 
tery  branch.  The  phenomena  of 
stasis  with  formation  of  hemo¬ 
siderin  In  the  myocardial  ves¬ 
sel  outside  the  necrotic  focus. 
Stain:  heraatoxylln-eosln.  Mag¬ 
nification  200x. 


Pig.  3.  Rabbit  No.  67.  Experi¬ 
ment  of  16  November  1961 .  Death 
two  days  after  closing  lumen  of 
coronary  artery  branch.  Leucocy¬ 
tic  Infiltration  into  boundary 
zone  of  necrosis.  Edema  of  the 
myocardium  outside  the  infarc¬ 
tion  focus.  Stain:  hematoxylln- 
eosln.  Magnification  lOOx. 


with  distinct  stases,  and  sometimes  thromboses;  severe  tissue  edema  as 
a  manifestation  of  the  Increased  permeability  of  the  vascular  walls; 
subsequently,  basophilia  and  Inslplent  desmolysls  of  the  connective  tis¬ 
sue  . 

The  more  severe  course  that  we  observed  jn  experimental  myocardial 
Infarct  during  arterial  hypotonia  can  be  accounted  for  by  a  number  of 
factors.  It  would  appear  that  one  of  the  Important  aggravating  factors 
Is  the  disturbance  to  the  permeability  of  the  vessel  walls,  noted  In  ex¬ 
perimental  arterial  hypertonia  by  M.F.  Slrotlna,  a  staff  worker  In  our 
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laboratory  (1962).  The  results  of  these  functional  studies  are  In  agree¬ 
ment  with  the  conclusions  of  Yu.S.  Kozachuk,  which  were  drawn  on  the 
basis  of  morphological  examinations. 

The  more  serious  disturbances  to  cardiac  activity  in  myocardiax  in¬ 
farct  in  animals  with  arterial  hypertonia  can  also  be  accounted  for  in 
terms  of  chatiges  in  the  electrolytic  composition  of  the  blood  and  tis¬ 
sues  —  changes  characteristic  in  suprarenal  hypertonia. 

The  more  distinct  changes  in  the  electrocardiogram  during  focal 
ischemia  and  necrosis  of  the  myocardium  against  a  background  of  chronic 
arterial  hypotonia  would  appear  to  be  due  to  the  disturbed  conductivity 
and  the  appearance  of  heterotopic  foci  of  excitation  in  the  ischemic 
zone  of  the  myocardium.  These  changes  may  be  due  to  a  considerable  ex¬ 
tent  to  disturbance  of  the  potassium  and  sodium  balance  in  the  cardiac 
muscle.  The  disturbance  of  the  blood's  electrolytic  composition  has  been 
established  by  our  studies.  Investigations  are  being  conducted  at  the 
present  time  into  the  contents  of  electrolytes  in  the  myocardium  in  ex¬ 
perimental  focal  myocardial  Ischemia  of  healthy  rabbits  and  rabbits  with 
experimental  arterial  hypotonia. 

The  experimental  investigations  carried  out  produced  new  proofs  of 
the  importance  of  deviations  in  vascular  permeability  and  electrolytc 
“xchange  in  the  development  and  outcome  of  ischemic  necroses  of  the  myo¬ 
cardium  in  general  and  during  arterial  hypotonia  In  particular. 
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EXPE31IMENTAL  INVESTIGATIONS  OP  HEMODYNAMICS  IN  MYOCARDIAL  INFARCT 

M.M.  Povzhltkov 
(Kiev) 

Study  of  the  pathogenesis  of  hemodynamic  changes  during  myocardial 
Infarct  have  attracted  the  attention  of  numerous  Investigators  In  recent 
years.  The  sharp  drop  In  the  arterial  pressure  level  that  Is  frequently 
observed  In  acute  myocardial  Infarct  may  be  a  factor  aggravating  the 

1 

course  and  prognosis  of  the  disorder.  The  question  as  to  the  mechanism  , 
of  chese  changes  had  recently  been  an  object  of  discussion  among  re-  j 
searchers.  Some  authors  maintain  that  shock  sets  in  in  acute  infarct  as  ' 
a  result  of  acute  cardiac  Insufficiency  (Wlggers,  19^5;  Plsha  and  Gam¬ 
mer,  196OJ  A.V.  Vinogradov,  1962,  and  others);  others  conclude  that  It  ^ 
is  a  result  of  acute  vascular  Insufficiency  (Shlmert,  1952,  and  others),  j 
Pew  experimental  studies  have  been  made  In  this  field. 

Investigations  of  hemodynamic  changes  during  experimental  myocar¬ 
dial  Infarct,  which  most  of  the  authors  have  conducted  with  the  chest 
open,  cannot  be  regarded  as  satisfactory,  since  opening  the  rib  cage  In 
Itself  exerts  considerable  Influence  on  the  hemodynamics.  Moreover,  it 
has  been  shown  (Ovsyshcher,  1959)  that  exposure  of  the  heart  causes  sub¬ 
stantial  changes  In  the  cardiac  activity  as  a  result  of  cooling.  It  is 
understandable  that,  despite  the  difference  between  the  conditions  of 
experimental  research  and  clinical  work,  study  of  the  pathogenesis  of 
myocardial  Infarct  under  the  conditions  of  chronic  experiment  can  bring 
Investigators  closer  to  understanding  of  certain  cardinal  problems  In 
the  pathogeneses  of  hemodynamic  disturbances  In  myocardial  Infarct,  dis-  | 
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turbances  that  arise  during  the  first  few  minutes  and  hours  of  its  onset. 

We  investigated  certain  hemodynamic  indicators  in  experimental  myo¬ 
cardial  Infarct  In  chronic  experiments  on  15  dogs. 

METHODS 


W  — 


Dogs  weighing  15-30  kg  underwent  surgery  for  application  of  a  pro¬ 
visional  sliding  loop  of  our  design  at  one-third  of  the  way  down  the  de¬ 
scending  branch  of  the  left  coronary  artery.  The  chest  was  then  sutured 

layer  by  layer,  air  was  evacuated  from  the 

a 

pleural  cavity,  and  the  ends  of  the  liga¬ 
ture,  which  were  brought  out  to  the  outside, 
were  imbeded  under  the  skin  on  glass  beads. 
The  lumen  of  the  coronary  artery  was  black¬ 
ed  7-1^  days  after  the  operation,  when  the 
changes  associated  with  the  thoracotomy  had 
disappeared.  The  basic  criterion  for  Judg¬ 
ing  this  was  the  return  of  the  basic  elec¬ 
trocardiographic,  ballistocardiographic, 
hemodynamic  and  hematological  indices  to 
their  initial  values.  In  some  of  the  exper- 
,,  Iments,  the  coronary  arteries  were  obstruct- 

ed  by  injection  of  mercury  into  them  through 

Pig.  1.  T-1824  dilution  catheter  passed  .o  the  orifice  of  the 

curve  for  the  dog  Nayda  ^ 

before  closure  of  lumen  aorta  from  the  left  carotid  artery.  Closure 

TL^arro^lndlcLtrtte'  coronary-artery  lumen  was  preceded 

instant  at  which  the  dye  by  study  of  electrocardiogram  (EKG)  in  the 

ter;^Br8*^^’of'Tla82i'i  standard,  ampllf led-extremlty  and  precord- 

C)  time,  sec;  D)  reclr-  lal  derivations  according  to  Wilson,  the 

culatlon;  E)  extrapola-  ballistocardiogram  (BKG)  (M.M.  Povzhltkov, 

W  1  C/a1  • 

1961),  the  average  arterial  pressure 
(A.D.  )  and  respiration.  Also  determined  were  the  minute  (MO)  and 

stroke  (UO)  volumes  of  the  heart,  the  cardiac  index  (SI),  the  mosc  of 
circulating  blood  (MTsK),  the  total  peripheral  resistance  (OPS),  the 
blood  stream  time  and  blood  return  time  and  the  hematocrit  index.  The 
MO  was  determined  by  the  Hamilton  dye  method  (1932)  in  a  modification 
for  experimental  research  purposes.  A  one-percent  solution  of  Evans' 
blue  (T-I824)  was  prepared.  A  calibration  curve  was  plotted  from  10 
points  with  dye  concentrations  in  the  plasma  ranging  from  to  10  mg  per 
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1  liter,  using  an  PEK  "M"  photoelectrocalorlmeter.  The  cogs'  femoral  I 
arteries  and  veins  were  prepared  under  morphine- chloralose  anesthesia.  | 
A  polyethylene  catheter  8-10  cm  long  was  Inserted  Into  the  vein;  a  I 
plexlglas  cuvette  open  at  both  ends  was  Inserted  In  the  artery  after  I 
prior  heparinization  of  the  animal  with  a  cannula.  The  dye  dilution  | 
curve  was  registered  using  a  [Soviet]  0-57  oxyhemometer,  whose  signal, 
after  amplification  by  a  direct-current  amplifier,  was  fed  to  a  regis¬ 
tering  device  In  the  form  of  an  electromagnetic  Ink-writer.  The  oxyhe¬ 
mometer  's  photoelectric  sensor  was  pushed  on  over  the  cuvette,  which  1 
had  recesses  to  provide  for  securing  It. 

Thus,  the  method  that  we  used  was  that  of  absolute  oxyhemometry . 
Before  the  dye  was  Injected,  the  animal  was  switched  to  breathing  pure 
oxygen  to  exclude  spontaneous  changes  In  the  oxygen  saturation  of  the  ! 
blood,  which  depends  on  respiration  and  other  factors.  The  dye  was  In¬ 
jected  quickly  Into  the  vein  In  an  amount  corresponding  to  0.5  mg  per 
1  kg  of  the  animal's  weight.  After  5-10  minutes  had  elapses  after  admin¬ 
istration  of  the  dye,  5  or  10  ml  of  blood  were  drawn  from  the  animal 
for  determination  of  the  ffTsK  and  calibration  of  the  dye  dilution  curve. 
The  dye  concentration  (in  mg/llter  of  blood)  was  determined  on  the  sat¬ 
uration  curve  each  second  until  the  recirculation  wave  appeared,  and 
the  data  obtained  were  transferred  to  semllogarlthmic  paper  (Pig.  l) . 

The  descending  branch  of  the  dilution  curve  was  extrapolated  to  the  zero 
line  to  determine  the  time  required  for  the  full  blood  circuit.  The  MO 
was  determined  by  Hamilton's  short  formula;  MO  -  I ’60/5,  where  I  Is  the 
amount  of  dye  administered  and  S  Is  the  sum  of  the  concentrations  of 
the  dye  during  Its  first  circuit.  The  OFS  was  determined  by  the  formula 
OPS  =  P*1332/D  dynes • sec -cm” where  P  Is  the  average , arterial  pressure 
in  mm  Hg,  D  Is  the  heart  volume  In  m_i/sec,  and  1332  Is  a  coefficient  for 
converting  relative  resistance  units  into  absolute  units.  The  surface 
area  of  the  animal's  body  was  calculated  first  for  determination  of  the 
cardiac  Index  (Sl). 

EXPERIMEJPTAL  RESULTS 

In  most  of  the  experiments  that  we  performed,  a  drop  In  arterial 
pressure  was  noted  after  the  lumen  of  the  coronary  artery  had  been  clos¬ 
ed.  In  some  of  the  experiments,  the  arterial  pressure  recovered  after  a 
transitory  (1-2  minutes)  drop  and  even  exceeded  the  initial  level  by 
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Pig.  2.  Changes  In  arterial  pressure,  EKG,  BKG  and  respiration  In  the 
deg  Strelka  in  experimental  myocardial  Infarct,  a)  Before  closing  lumen 
of  descending  branch  of  left  coronarj/  artery;  b)  after  1  minute;  c)  af¬ 
ter  2  hours;  d)  after  24  hours;  e)  after  l4  days. 

10-20  mm  Hg.  At  the  same  time,  the  BKG  showed  changes  suggesting  distur¬ 
bances  to  the  contractile  functions  of  the  myocardium:  fused  Hj  waves 
and  splitting  of  the  J-wave  (V.Dok,  G.  and  R.  Mandel'baum,  1953;  A.V. 
Mareyev,  1961,  and  others).  The  MO  dropped  considerably  and  the  blood 
flow  and  circulation  times  Increased.  The  OPS  rose  substantially,  while 
the  MTsK  and  the  hematocrit  number  did  not  change.  On  the  EKG,  we  noted 
only  an  Insignificant  rise  In  the  RS-T  segment  in  the  precordlal  leads. 
Distinct  changes  In  the  EKG  were  observed  after  24  hours:  polytoplc  ex- 
trasystoly,  displacement  of  the  RS-T  segment,  disturbances  to  the  aurl- 
culoventrlcular  and  Interventricular  conductivity.  The  BKG  showed  a 
drop  In  the  amplitude  of  all  waves,  and  particularly  the  waves  of  the 
systolic  complex;  splitting  and  twining  o^  the  J-wave  were  more  sharply 
manifest.  The  arterial  pressure  was  found  to  be  subnormal  by  a  consider¬ 
able  margin.  The  MO  remained  low,  and  the  blood  flow  and  circulation 
times  Increased.  The  OPS  decreased,  although  the  initial  values  were  not 
attained.  The  MTsK  and  the  hematocrit  Index  showed  no  substantial  change 
After  l4  days  had  elapsed  since  closure  of  the  coronary  artery  lu¬ 
men,  we  noted  a  tendency  toward  normalization  of  the  EKG,  BKG,  MO,  UO 


$ 


and  the  other  Indices  that  we  were  studying.  Among  all  of  the  indicators 
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the  changes  In  the  MO  eind  BKG  were  most  persistant  (Fig.  2) .  | 

It  should  be  noted  that  24  hours  after  obstruction  of  the  coronary 
artery,  when  the  changes  in  the  cardiac  muscle  were  most  strongly  mani¬ 
fest,  we  observed  a  certain  recovery  of  the  MO,  obviously  due  to  mobill-  ' 
zatlon  of  reserve  capabilities  in  the  intact  divisions  of  the  myocardium. 
In  those  cases  in  which  compensation  of  the  cardiac  contractile  insuffi¬ 
ciency  took  place  by  way  of  tachycardia,  the  blood  flow  and  circulation 
times  were  found  uo  be  reauced . 

The  table  presents  the  results  of  study  of  certain  hemodynamic  in¬ 
dices,  It  will  be  seen  from  the  table  that  in  the  first  30  minutes  after 
the  lumen  of  the  coronary  branch  had  been  closed,  the  MO  decreased  by  an 
average  of  395^>  and  was  dovtn  24. IJ^  after  24  hours  and  26.1^  after  l4 
days;  the  decrease  in  the  UO  is  considerably  more  pronounced  —  by  47, 

[ 

50.5  and  3.95^j  respectively.  The  blood  flow  and  circulation  times  in-  f 

f 

I 

creased  during  the  first  30  minutes  by  20  and  32^>  on  the  average,  but  ’ 

after  24  hours  in  those  experiments  in  which  considerable  tachycardia 
was  noted,  this  time  even  became  shorter  (experiments  No.  I8  and  23). 

The  total  peripheral  resistance  was  found  to  be  elevated  at  these  same  ■ 
points  in  time  for  all  animals,  with  the  exception  of  experiment  No.  22,  ^ 

in  which  a  sharp  drop  in  arterial  pressure  was  observed  in  the  dog  after 
obstruction  of  the  coronary  artery.  ‘ 

DISCUSSION  OP  EXPERIMENTAL  RESULTS 

The  hemodynamic  changes  in  experimental  myocardial  Infarct  present 
a  rather  distinctive  pattern.  Immediately  after  obstruction  of  the  coron¬ 
ary  artery,  we  observe  disturbances  In  the  contractile  function  of  the 

myocardium,  manifest  in  a  drop  in  the  MO  and  UO  and  characteristic  ! 

1 

changes  in  the  BKG.  Analysis  of  the  interrelationships  between  the  aver-  ' 

age  arterial  pressure  (AD  ),  MO  and  OPS,  specifically  AD  =  M0*0PS,  in- i 

sr  SI*  I 

dicates  that  the  level  of  arterial  pressure  depends  on  the  functional  i 
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Variation  of  hemodynamic  Indicators 
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velop  in  all  cases,  obviously  depending  to  a  considerable  degree  on  the 

state  of  the  OPS.  A  sharp  drop  in  the  OPS  is  an  important  factor  in  the 

development  of  hypertonia  subsequent  to  infarct. 

As  we  know,  the  OPS  level  is  determined  by  the  tonic  state  of  ves¬ 
sels  in  various  regions  of  the  body;  in  some  of  the  vascular  basins, 

vasoconstriction  may  prevail,  while  in  others  vasodilatation  predomin¬ 
ates.  In  most  cases  of  post- Infarct  shock,  we  note  signs  of  peripheral 
vasoconstriction,  although  this  may  be  accompanied  by  a  considerable  de¬ 
crease  in  the  vascular  resistance  of  vessels  in  the  internal  organs  and, 
as  a  result,  the  OPS  is  found  to  be  low.  This  point  has  been  stressed  by 
a  number  of  authors  (Prldburg,  I96I;  A.V.  Binogradov,  1962,  and  others). 

In  our  studies  of  regional  vascular  peripheral  resistance,  using 
the  reslstoraetrlc  technique  in  experimental  myocardial  infarct  of  cats, 
it  was  possible  to  show  that  the  principal  role  in  maintaining  tie  ar¬ 
terial  pressure  level  is  to  be  ascribed  to  the  state  of  peripheral  re¬ 
sistance  of  the  visceral  blood  vessels.  A  rise  in  the  resistance  of  the 
peripheral  vessels  is  observed  both  in  cases  of  shock  and  in  cases  where 
shock  does  not  occur.  Kuhn  et  al .  (i960)  showed  that  if  the  resistance 
to  blood  flow  is  Increased  by  introducing  a  balloon  into  the  descending 
aorta  of  a  dog  suffering  from  shock  increased  by  massive  embolism  of  the 
coronary  arteries,  the  result  is  a  persistent  Increase  In  arterial  press 
ure  dlspite  the  decrease  in  MO.  The  use  of  medication  of  the  mesatone  or 
levarterenol  type  in  myocardial  Infarct  has  been  found  highly  effective, 
both  in  experimental  studies  (A.V.  Vinogradov,  I962)  and  in  the  clinic 
for  urgent  therapy  of  acute  myocardial  infarct.  This  provides  circum¬ 
stantial  confirmation  of  the  Importance  of  increasing  the  systemic  ar¬ 
terial  resistance  to  compensate  the  cardiac  contractile  insufficiency, 
and  also  assist  in  mapping  out  possible  paths  of  therapeutic  interven¬ 
tion. 
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CONCLUSIONS 


1.  An  Increase  In  the  minute  and  stroke  volumes  of  the  heart  and 
In  the  blood  flow  and  circulation  times,  together  with  changes  in  the 
ballistocardiogram  during  the  first  few  minutes  after  obstruction  of  a 
coronary  artery  indicate  early  disturbance  to  the  myocardium  contractile 
function. 

2.  A  considerable  drop  In  the  vascular  tone  of  the  internal  organs 
In  experimental  myocardial  infarct  may  cause  a  drop  In  general  peripher¬ 
al  resistance,  and  this  would  appear  to  be  one  of  the  Important  factors 
In  the  development  of  post- Infarct  shock. 

3.  The  arterial  pressure  level  In  myocardial  Infarct  depends  on  the 
relationship  between  the  changes  In  heart  minute  volume  and  the  level  of 
general  peripheral  resistance.  Changes  In  the  general  peripheral  resis¬ 
tance  are,  in  turn,  the  result  of  changes,  frequently  operating  at  cross 
purposes,  In  the  peripheral  resistance  in  the  various  vascular  basins. 

4.  Within  certain  limits,  the  rise  in  general  peripheral  reslstarice 
may  be  regarded  as  a  compensatory  reaction  of  the  organism  whose  purpose 
Is  to  Improve  blood  supply  to  vitally  Important  organs. 

Manu¬ 

script 

Page  [List  of  Transliterated  Symbols] 

No. 

335  AH  =  ad  =  arterial 'noye  davleniye,  sredneye  =  arterial 

c  n  o 

pressure,  average 

335  MO  =  MO  =  mlnutnyy  ob"yem  ■-  minute  volume 

335  yo  UO  =  udarnyy  ob"yem  =  stroke  volume 

335  CM  =  SI  =  scrdechnyy  Ideks  =  cardiac  Index 

335  MUK  =  lOTsK  =  massa  tsirkuliruyushchey  krovi  =  mass  of  circula¬ 

ting  blood 
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OXYGEN  STARVATION  AND  THE  MECHANISMS  COMPENSATING  IT  IN  CONGENITAL 


HEART  DEFECTS  OF  THE  BLUE  AND  PALLID  TYPES 

L.L.  Shlk 
(Md.tcow  ) 

Of  great  importance  In  comprehensive  study  of  the  oxygen- starva¬ 
tion  problem  are  comparative  investigations  of  the  mechanisms  by  which 
it  arises  and  is  compensated  in  various  forms  of  pathology. 

This  assists  in  bringing  out  the  specific  peculiarities  of  the  var¬ 
ious  types  of  hypoxic  states  and  verifying  the  applicability  of  relation¬ 
ships  established  in  study  of  certain  forms  of  oxygen  starvation  to 
other  forms.  In  view  of  these  considerations,  the  present  report  examines 
the  problem  of  the  origin  and  compensation  of  oxygen  starvation  in  cer¬ 
tain  forms  of  congenital  cardiac  defect. 

Among  the  numerous  and  staggeringly  varied  types  of  congenital 
heart  defects,  we  have  selected  those  most  frequently  encountered  —  the 
pallid  defects  (persistent  duct  .s  arteriosus  Botalli,  defect  in  intera¬ 
trial  septum,  defect  in  interventricular  septum)  and  blue  defects  (Fall¬ 
ot's  tetrad,  l.e.,  a  combination  of  intraventricular  septal  defect  with 
stenosis  of  the  exit  passage  from  the  right  ventricle)  .  All  of  these  de¬ 
fects  represent  deviations  from  the  basic  circulatory  scheme  of  man  and 
the  higher  animals. 

In  defects  of  the  pallid  type,  arterial  blood  from  the  greater  cir¬ 
culation  (aorta  or  the  left  divisions  of  the  heart)  passes  through  an 
abnormal  orifice  (communication)  directly  into  the  pulmonary  circulation 
(into  the  pulmonary  artery  or  the  right  divisions  of  the  heart),  where 
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It  Is  mixed  with  venous  blood.  This  overflow  of  blood  from  left  to  right 
has  a  consequence  that  the  blood  minute  volume  flowing  through  the  pul¬ 
monary  capillaries  exceeds  (occasionally  by  several  times)  the  minute 
volume  of  blood  passing  through  the  capillaries  of  the  greater  clrcula-  | 

I 

tlon.  The  reversed  situation  arises  in  blue- type  cardiac  defe^'ts:  thus,  | 

I 

in  Fallot's  tetrad,  part  of  the  blood  from  the  right  ventricle  passes,  \ 

t 

due  to  the  stenosis  of  its  exclt  channel,  through  the  defect  into  the 
exit  channel  of  the  left  ventricle.  As  a  result,  mixed  blood  (of  both 
venous  and  arterial  composition)  enters  the  aorta,  and  in  greater  quan¬ 
tities  than  it  does  the  pulmonary  artery.  The  minute  volume  of  the 
greater  circulation  (WDB)  exceeds  the  minute  volume  of  the  pulmonary 
circulation  (MOM)  in  such  defects. 

Thus,  the  MOB  is  unequal  to  the  MOM  in  either  type  of  congenital 
heart  defect.  In  defects  of  the  pallid  type,  it  is  generally  considered 
that  all  tissues  and  organs  suffer  from  Inadequate  blood  and  oxygen  sup¬ 
ply  due  to  the  spillage  of  the  blood  from  the  MOB  into  the  MOM.  In  de¬ 
fects  of  the  syanotic  type,  the  blood  going  to  the  tissues  through  the 
greater-circulation  arteries  is  mixed,  l.e.,  it  has  a  depressed  oxygen 
partial  pressure.  Hence,  although  formerly  hypoxia  arises  in  either  case 
as  a  result  of  disturbances  to  blood  circulation,  it  is  only  in  defects 
of  the  pallid  type  that  it  can  be  characterized  as  circulatory  hypoxia. 

In  defects  of  the  blue  type,  the  basic  factor  responsible  for  the  hypox¬ 
ia  is  lowered  oxygen  partial  pressure  in  the  blood  in  the  greater- circu¬ 
lation  arteries,  l.e.,  the  shift  that  is  characteristic  for  hypoxic  (res¬ 
piratory)  hypoxia.  In  the  exposition  to  follow,  therefore,  we  shall  com¬ 
pare  results  obtained  in  a  study  of  patients  with  blue-type  defects  with 
the  thoroughly  studied  changes  that  take  place  in  the  physiological  func¬ 
tions  in  hypoxic  hypoxia,  particularly  during  prolonged  residence  in  the  0 
mountains.  For  this  reason  we  raise  the  point  that  the  classification  of 
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hypoxic  states  adopted  by  the  Kiev  conference  in  19^8  should  be  supple¬ 
mented  under  the  heading  "Hypoxic  Hypoxia,"  which  contains  an  enumera¬ 
tion  of  its  causes,  by  a  special  subheading  reading  "As  a  Result  of  Ad¬ 
mixture  of  Venous  Blood  to  Arterial  Blood."  This  formulation  would  re¬ 
flect  not  only  the  causes  of  the  hypoxia  created  in  blue-type  heart  de¬ 
fects,  but  also  that  resulting  from  certain  disturbances  to  pulmonary 
circulation  ("shunting"  of  pulmonary  capillaries). 

Investigations  of  external  respiration  conducted  in  the  Physiolog¬ 
ical  Laboratory  of  the  Surgical  Institute  named  for  A.V.  Vishnevskiy  by 
R.S.  Vinnitskaya  on  patients  with  defects  of  the  pallid  and  cyanotic 
types  showed  that  the  respiratory  minute  volume  (MOD)  and  alveolar  ven¬ 
tilation  are  considerably  better  in  the  latter  than  in  the  former.  The 
amplified  ventilation  of  the  lungs  in  patients  with  Fallot's  tetrad  man¬ 
ifests  in  the  fact  that  the  MOD  is  in  excess  of  the  desirable  volume, 
the  Og  utilization  coefficient  (ratio  of  Og  co.nsuniid  to  the  MOD)  is  de¬ 
pressed  and  so  is  the  alveolar  CO2  pressure.  As  we  know,  the  same 
changes  is  respiration  are  observed  aurlng  prolonged  sojourns  in  the 
mountains . 

In  patients  with  blue-type  defects  and  in  healthy  individuals  in 
the  mountains,  it  appears  that  the  hyperventilation  is  due  to  the  same 
cause  (the  lowered  O2  partial  pressure  in  the  alveolar  air)  and  is  gov¬ 
erned  by  the  same  mechanism  (reflex  intensification  of  breathing,  pro¬ 
duced  by  stimulation  of  chemoreceptors  in  the  slnocarotic  and  cardloaor- 
tlc  regions).  We  note  that  following  surgical  treatment,  which  results 
in  a  lessening  of  the  artial  hypoxemia,  the  MOD  and  the  alveolar  CO2 
pressure  approached  the  normal  values.  However,  the  importance  of  the 
Identical  respiratory  changes  is  fundamentally  different  in  the  two 
types  of  cases  under  consideration.  In  the  mountains,  hyperventilation 
represents  an  adaptive  reaction  that  lowers  the  extend"  of  arterial  hypox- 


emia  (admitted  at  the  expense  of  the  hypocapnia  that  c.oveloped  at  the 
same  time).  In  patients  with  defects  of  the  cyanotic  type,  the  compensa¬ 
tory  significance  of  hyperventilation  consists  In  prevention  of  hyper¬ 
capnia,  but  In  no  way  does  It  substantially  lessen  the  extent  of  hypox¬ 
emia.  This  fundamental  difference  may  serve  as  a  clear  exanple  illustra¬ 
ting  the  following  general  proposition:  compensatory  reactions  that  ap¬ 
pear  under  pathological  conditions  due  to  reflex  mechanisms  that  have 
taken  shape  during  the  evolutionary  process  and  provide  for  adaptation 
of  the  healthy  organism's  reaction  may  acquire  a  new  significance. 

This  applies  In  particular  to  the  Increase  in  the  oxygen  capacity 
of  the  blood  that  Is  consistently  observed  In  cases  of  Fallot's  tetrad 
—  an  Increase  associated  with  a  higher  erythj^ocyte  count  (6-9  million 
per  mm^  of  blood)  and  hemoglobin  content  (l8-25  g  per  10  ml  of  blood). 
The  adaptive  Importance  of  these  shifts  —  the  decrease  In  the  extent  of 
venous  hypoxemia  —  Is  basically  the  same  as  under  the  conditions  of  pro¬ 
longed  mountain  sojourn.  In  Fallot's  tetrad,  however,  this  leads  to  a 
relative  Increase  In  the  oxygen  tension  of  the  arterial  blood,  since  the 
venous  blood  being  mixed  with  the  arterial  blood  is  ricner  in  oxygen  as 
a  result  of  the  erythremia.  This  compensatory  effect  is  specific,  and  is 
not  observed  In  the  mountains. 

We  also  determined  the  minute  volumes  of  the  greater  (MOB)  and  pul¬ 
monary  (mom)  circulations  by  Flck's  principle,  with  the  heart- sounding 
operation  performed  by  Yu.D.  Bolynskl  and  with  determination  of  the  oxy¬ 
gen  saturation  and  content  In  the  arterial  and  mixed  venous  blood.  As 
would  be  expected,  the  MOM  was  depressed,  and,  despite  the  spillage  of 
venous  blood  Into  the  aorta,  the  MOB  was  within  normal  limits  In  the  ma¬ 
jority  of  patients  (in  l8  out  of  3l)»  and  moderately  depressed  (in  6)  or 
elevated  (in  7)  In  the  others. 

On  the  average,  the  MOB  came  to  102^^  of  the  normal  value.  Thus,  as 

-  346  - 


a  rule,  no  compensatory  Increase  was  observed  In  the  minute  volume.  This 
Is  In  conformity  with  the  fact  that,  as  we  know,  this  Increase  is  char¬ 
acteristic  only  for  the  first  few  days  of  a  sojourn  In  the  mountains 
and  Is  absent  when  acclimatization  has  been  achieved. 

In  patients  with  cyanotic  heart  defects,  the  oxygen  saturation  of 
the  arterial  blood  varies  over  a  broad  range  as  a  function  of  many  fac¬ 
tors,  and  primarily  In  dependence  on  the  extent  of  the  stenosis  of  the 
passage  out  of  the  right  ventricle,  which  to  a  considerable  degree  de¬ 
termines  the  amount  of  venous  blood  mixed  with  the  arterial  blood. 

According  to  our  data,  the  saturation  averages  around  and  in 

the  majority  of  cases  lies  between  70  and  90^. 

As  we  now.  In  healthy  Individuals  living  year-round  at  high  alti¬ 
tudes,  we  frequently  observe  even  lower  oxygen  saturations  of  the  blood. 
At  the  same  time,  the  general  condition  and  prognosis  Is  quite  grave  In 
Fallot's  tetrad.  It  appears  that  for  a  given  degree  of  oxygenation  of 
the  blood  and  erythremia,  compensation  of  oxygen  shortage  Is  far  super¬ 
ior  In  the  mountains  to  that  seen  in  patients  with  cyanotic  heart  de¬ 
fects. 

Not  having  an  opportunity  to  devote  adequately  complete  considera¬ 
tion  to  this  question  In  the  present  report,  we  should  like  only  to  draw 
attention  to  the  relationships  that  take  shape  In  the  organism  under 
physical  stress,  which,  at  least  partially,  account  for  the  difference 
noted  above. 

Actually,  In  acclimatized  Individuals  living  In  the  mountains,  the 
performance  of  moderately  heavy  physical  work  does  not  produce  any  sub¬ 
stantial  lowering  of  the  alveolar  pressure  or  the  extent  to  which  the 
arterial  blood  Is  oxygenated  at  the  expense  of  an  increase  In  pulmonary 
ventilation  over  that  observed  at  sea  level. 
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Due  to  the  adaptive  Increase  of  the  oxygen  capacity  of  the  blood,  I 
the  oxygen  content  in  the  venous  blood  and  the  minute  volume  change  I 

here  in  almost  the  same  way  as  at  sea  level.  In  contrast,  physical  ex-  [ 
erticn  in  patients  with  blue-type  heart  defects  produces  a  very  sharply  | 
manifest  drop  in  the  oxygen  saturation  of  the  arterial  blood.  The  reason  f 
for  this  decrease  is  specific  for  this  form  of  hypoxia  and  cannot  be  | 

compensated  by  an  increase  in  pulmonary  ventilation  and  the  oxygen  capa- 

f 

city  of  the  blood.  Indeed,  the  extent  of  venous-blood  spillage  into  the  j 
arterial  stream  depends  on  the  relationship  between  the  resistance  of  [ 

the  stenotic  exit  passage  of  the  right  ventricle  to  blood  flow,  on  the  | 

one  hand,  and  the  vascular  resistance  of  the  greater  circulation  on  the 
other.  In  physical  labor,  the  latte. ,  as  we  know,  diminishes  consider¬ 
ably,  so  that  the  spillage  of  venous  blood  from  the  right  ventrical  into 
the  aorta  Increases  sharply.  It  must  also  be  taken  into  account  that  dur¬ 
ing  muscular  activity,  the  oxygen  content  of  the  venous  blood  is  lowered.  > 
The  combined  effect  of  these  two  factors  —  the  increased  Inflow  of  ven-  t 
ous  blood  into  the  aorta  and  the  decreased  content  of  oxygen  in  it  —  is 
responsible  for  the  very  sharp  drop  in  the  oxygen  saturation  of  the  mixed 
arterial  blood.  As  has  been  shown  by  an  investigation  conducted  for  this 
specific  purpose  in  our  laboratory,  it  is  basically  persistant  even  when 
pure  oxygen  is  breathed  while  the  work  is  being  performed. 

Thus,  since  a  given  degree  of  arterial  hypoxemia  arises  in  the  moun¬ 
tains  and  in  blue- type  cardiac  defects  as  an  effect  of  different  causes, 
the  changes  tnat  it  undergoes  under  physical  load  are- completely  differ- 

£ 

ent:  in  the  mountains,  the  adaptive  reactions  protect  the  organism  from  j 
further  aggravation  of  the  hypoxia  during  work;  in  cardiac  defects,  on 
the  other  hand,  a  sharp  intensification  of  the  oxygen  starvation  arises, 
indicating  that  the  compensatory  possibilities  of  the  organism  are  not 
adequate  to  these  conditions. 
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In  pallid  cardiac  defects,  the  basic  compensatory  reactions  are 
directed  toward  preservation  of  an  adequate  blood  supply  to  the  organs 
and  tissues,  l.e.,  toward  maintenance  of  the  necessary  minute  volume  In 
the  greater  circulation  despite  the  spillage  of  blood  from  It  Into  the 
pulmonary  circuit.  No  significant  compensatory  reactions  arise  here  on 
the  part  of  external  respiration  and  the  blood  system. 

The  measurement  of  the  MOM  and  MOB  Indicated  that,  despite  exten¬ 
sive  spillage  of  blood  from  the  greater  circulation  Into  the  pulmonary, 
the  MOB  is  below  normal  only  very  rarely.  Thus,  a  considerable  Increase 
In  the  MOB  was  found  in  only  two  out  of  31  cases  of  persistent  ductus 
arteriosus  Botalli,  in  seven  out  of  30  cases  of  Interatrial  septum  de¬ 
fect  and  in  two  out  of  28  cases  of  Interventricular  septal  defect  (for 
a  total  of  11  patients  out  of  89) .  In  the  overwhelming  majority  of  pa¬ 
tients,  the  MOB  was  In  the  normal  range  of  variation  or  even  elevated 
(on  the  average.  It  came  to  of  the  normal  value) .  Accordingly,  the 

extent  to  which  the  venous  blood  was  saturated  with  oxygen  was  normal 
or  even  slightly  above  normal. 

Thus,  the  possibility  of  oxygen  starvation  setting  In  was  totally 
excluded  In  most  of  the  patients  by  compensatory  reactions  that  provide 
for  lormallzation  of  the  MOB.  These  reactions  consist  In  a  lowering  of 
the  peripheral  vascular  resistance  In  the  greater  circulation  and  Inten- 
slfi.oatlcn  of  the  heart  action.  The  former  reaction  Is  manifested  In  a 
lowering  of  the  average  (and  minimum)  arterial  pressure,  which  Is  some¬ 
times  Incorrectly  explained  as  due  to  a  drop  In  the  MOB.  In  actuality, 
this  decrease  takes  place  with  a  normal  or  even  Increased  MOB  due  to  a 
decrease  In  the  peripheral  resistance  —  an  adaptation  that  assists  In 
reducing  spillage  of  blood  from  the  aorta  into  the  pulmonary  artery  In 
cases  of  persistent  ductus  arteriosus  Botalli. 

The  Intensification  of  heart  action  must  be  acknowledged  to  have 


basic  compensatory  ln^)ortance.  Actually,  maintenance  of  the  normal  MOB  | 

t 

t 

under  the  conditions  of  blood  leakage  from  the  greater  circulation  into  | 

I 

the  pulmonary  circulation  is  possible  o*ily  provided  that  the  fOM  is  in-  | 

creased,  frequently  to  a  very  high  level.  According  to  our  data,  the  | 

€ 

MOM  was  2555^  of  normal  in  patients  with  unclosed  ductus  a^’teriosus  Bo-  I 
talli,  2645^  in  patients  with  Interatrial- septum  defect  aid  1995^  in  those  | 
with  Intraventricular  defect.  In  some  of  the  patients,  the  MOM  exceeded  | 
the  normal  values  by  factvirs  of  three  to  four  and  sometimes  even  five. 

Here  we  frequently  observe  an  Increase  in  the  pressure  in  the  pulmonary 

artery,  a  pressure  which  depends  not  only  on  the  MOM  Increase,  but  also  I 

I 

on  secondary  changes  in  the  incipient  sclerosis  of  the  pulmonary  vessels. 

Thus,  analysis  of  the  compensation  processes  in  pallid-type  defects 
brings  us  to  the  conclusion  that  In  the  majority  of  cases  the  organism 
is  suffering  not  so  much  from  oxygen  starvation  as  from  the  continuous 
stress  on  the  systems  that  protect  it  from  hypoxia.  This  conclusion  is 
in  agreement  with  the  basic  clinical  realities,  which  are  extremely  ! 

grave  and  frequently  fatal:  decompensation  of  the  hypertrophlzed  myocar¬ 
dium  and  hypertension  of  the  pulmonary  circulation.  Both  of  these  are 
results  of  a  chronic,  continuous  sharp  increase  in  the  heart  action  and 
the  MOM,  which  can  Inltally,  for  a  number  of  years,  protect  the  organism 
from  circulatory  hypoxia. 
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[List  of  Transliterated  Symbols] 

=  MOB  =  mlnutnyy  ob"yem  bol'shogo  kruga  =  minute  volume  of 
greater  circulation 

=  MOM  =  mlnutnyy  ob"yem  malogo  kruga  =  minute  volume  of 
pulmonary  circulation 
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MOII  =  MOD  =  mlnutnyy  ob"yeni.  dykhanlya  =  respiratory  minute 

volume 
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mOXIA,  HYPOXIDOSES  AND  AUTOAIDERGY:  THEIR  DEPORT ANCE 

IN  INTERNAL  PATHOLOGY 
F.Ya.  Prlmak 
(Kiev) 

Increased  demand  for  oxygen  Is  the  proximate  response  not  only  to 
all  types  of  everyday  loads  Imposed  on  the  organism,  but  also  to  many 
pathological  displacements  that  occur  in  it.  However,  the  increasing  con¬ 
sumption  of  oxygen  can  be  covered  by  a  corresponding  increase  in  the 
supply  of  it  in  far  from  all  cases.  It  is  in  such  cases  that  the  state 
of  oxygen  deficiency  or  hypoxic  phenomena  arise.  These  phenomena  are 
compensated  by  a  whole  range  of  mechanisms.  The  compensatory  amplifica¬ 
tion  of  external  respiration  and  the  respiratory  function  of  the  blood 
in  oxygen  insufficiency  has  been  studied  more  or  less  adequately.  Tis¬ 
sue  respiration,  on  the  other  hand,  has  been  given  considerably  less  at¬ 
tention.  Little  is  known  of  the  directivity  and  regulation  of  tissue 
respiration  londer  the  conditions  of  routine  physiological  loads,  and 
even  less  in  the  case  of  pathological  states  of  the  human  organism.  And 
the  statement  that  hypoxia  occurs  in  any  Illness  obliges  us  to  turn  re¬ 
doubled  attention  to  the  distinctive  features  of  hypoxic  shifts  primari¬ 
ly  ’jnder  clinical  conditions.  Moreover,  the  stepped  nature  that  has  been 
observed  in  the  development  of  hypoxia,  consideration  of  compensatory 
shifts,  and  the  appearance  of  Increased  sensitivity,  a  kind  of  sensiti¬ 
zation  to  it,  permit  us  to  speak  of  a  certain  consistancy  in  the  aggra¬ 
vation  of  the  hypoxic  manifestations  in  the  development  of  the  complica¬ 
tions  that  accompany  it. 


study  of  hypoxic  states  in  the  internal  pathology  supports  the  con¬ 
viction  that  the  various  manifestations  of  hypoxia  are  frequently  er^ 
countered  In  the  Internal  medicine  clinic.  The  specific  nature  of  these 
manifestations,  their  combinations  and  their  perslstance  from  time  to 
time  acquire  certain  distinguishing  features  peculiar  to  a  given  fom 
of  Internal  pathology.  At  the  same  time,  systematic  study  of  oxygen  ex¬ 
change  under  clinical  conditions  makes  it  possible  to  register  the  pe¬ 
culiar  type  of  staged  development  of  the  hypoxic  states  that  v/e  have 
already  noted. 

This  stepwise  development  of  hypoxic  manifestations  might,  for  ex¬ 
ample,  be  observed  .n  hypertonia.  Thus,  in  patients  In  the  Initial  stage 
of  hypertonia,  arterial  hyperoxem.la  Is  frequently  encountered,  and  In 
rather  high  degrees,  together  with  elusive  venous  hypoxemia.  However, 
subsequent  "normalization”  of  the  oxygen  composition  of  the  arterial  and 
venous  blood  from  time  to  time  Indicates  deterioration  of  the  compensa¬ 
tory-mechanism  function,  since  a  sudden  drop  of  a  previously  high  ar¬ 
terial  venous  oxygen  difference  (if  even  to  the  normal  level)  may  be  one 
of  the  essential  criteria  of  tissue  hypoxia  and  the  hypoxldosls  tha^ 
accompanies  It,  l.e.,  mountain  functional  and  morphological  changes  of 
the  vasculaivtlssue  and  perivascular  structures;  changes  caused  by  long¬ 
standing  hypoxia  or  even  by  the  development  oi  extrem.e  sensitivity  to 
hypoxic  shifts.  Thus,  for  example,  the  autoallerglc  syndrome  Is  frequent¬ 
ly  one  of  the  criteria  of  developed  hypoxldosls.  The  organic  disorders 
that  develop  Immediately  following  this  sign,  like  the  phenomena  of  a 
focal  exacerbating  Infection,  are  often  combined  with  a  subsequent  de¬ 
terioration  of  oxygen  exchange,  right  down  to  the  point  at  which  assim¬ 
ilation  of  oxygen  Is  blocked  and  the  manifestations  of  anaerobic  meta¬ 
bolism  becomes  stronger.  Such  a  sequence  ’an  also  frequently  be  traced 
during  Intensifying  manifestations  of  circulatory  insufficiency  with 
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distinct  edema.  Here,  first  the  signs  of  venous  hypoxia,  then  arterial  i 
and  then  finally  tissue  hypoxia  are  particularly  clearly  seen.  Morpho-  I 
logical  Investigations  hiave  shown  that  In  cases  of  acute  terminal  edema, I 
Including  edemas  that  have  developed  on  soil  provided  by  circulatory  In- I 
sufficiency,  profound  changes  arise  first  In  the  connectlve-tlssuec  i 

structures  with  their  networks  of  blood  and  lymph  vessels  and  also  occas-| 

I 

lonally  In  different  ways  In  various  organs  and  systems.  "The  exception-  ■ 
al  poly chromatism  and  polymorphism  of  the  connective- tissue  elements  es¬ 
sentially  Indicates  different  degrees  of  Injury  to  the  collagen  substa¬ 
tion  precisely  during  the  edemas"  (P.Ya.  Prlmak).*  It  Is  decay  of  the 
tissue  protoplasm,  a  significant  decrease  In  the  activity  of  synthetic 
processes  In  the  tissue  elements  that  has  been  responsible  for  the  pre¬ 
sence  of  sharp  changes  In  various  structures  of  the  organism  In  general 
and  particularly  in  the  connective  tissue,  skeletal  muscles,  myocardium 
and  even  In  the  smooth  musculature.  As  we  see,  here  morphology  brings 
out  clearly  the  consequences  and  seriousness  of  the  mounting  changes  In 
tissue  metabolism,  where  disturbances  of  oxygen  exchange  acquire  prime 
Importance. 

A  repeated  Investigation  of  the  gas  composition  of  the  blood  In 
persons  suffering  from  severe  forms  of  endocarditis  enables  us  to  Iden¬ 
tify  patients  In  whom  the  mounting  manifestations  of  arterial  hypoxemia 
are  combined  with  signs  of  tissue  hypoxia.  But  the  disturbances  to  the 
vascular- structure  function,  including  the  Increasing  manifestations  of 
caplllarltls  with  severe  damage  to  the  vascular  endothelium,  should  be 
regarded  as  one  of  the  essential  signs  of  hypoxidosls  and  the  autoaller- 
gla  that  accompanies  It. 

The  hemorrhagic  syndrome  of  sudden  onset  and  the  complex  pattern 
of  thromboembolic  phenomena  observed  in  many  endocarditis  patients  are 
also  explained  to  a  certain  degree  by  autoallerglc  shifts  that  arise  as 
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a  result  of  decompensated  hypoxia.  The  occurrence  of  the  latter  Is  indi¬ 
cated  not  only  by  a  considerable  drop  in  the  arterial  venous  oxygen  dif¬ 
ference,  but  also  by  burgeoning  signs  of  vascular  dystonia.  The  phenom¬ 
ena  of  caplllarltls,  increasing  vascular-tissue  pemieabllity,  and  insta¬ 
bility  of  the  arterial  blood  pressure  and  pulse  pressure  frequently  form 
parts  of  the  complex  picture  of  tissue  hypoxia.  The  combination  of  hypox¬ 
ic  manifestations  v;ith  signs  of  vascular  dystonia  comes  out  so  clearly 
in  a  number  of  disorders  that  it  is  even  appropriate  to  speak  of  a  hypox- 
ic-dystonlc  syndrome.  As  has  been  shown  by  clinical  experience,  the 
great  distinctness  and  persistence  of  this  syndrome  represent  an  essen¬ 
tial  criterion  for  those  forms  of  aggravating  tissue  hypoxia  in  v;hijh, 
as  a  result  of  autoallergic  shifts,  one  or  another  form  of  organic  path¬ 
ology  arises.  Depending  on  the  localization  of  the  changes  that  take 
place,  hov/ever,  we  observe  manifestations  of  hypoxic-dystonlc  states  nov.' 
in  purely  localized  fom  and  again  with  more  extensive  morphological 
modifications  —  those  combined,  as  we  have  already  noted,  under  the 
tern  "hypoxldoses . "  It  is  these  associated  phenomena  of  autoallergia , 
hov/ever,  that  account  for  the  unusual  acuteness  of  the  reactive  shifts 
in  the  organism  attending  any  nev/  conditions  that  cause  the  hypoxia  to 
exacerbate. 

As  further  examples  of  such  disorders,  in  addltior  to  the  numerous 
cases  of  suddenly  exacerbating  manifestations  of  fc  ‘al  infraction,  wr 
may  cite  certain  forms  of  chronic  pulmonary  dlsoraers  v;lth  increasing 
pneumosc"' '"’osis  and  asthmatic  syndrome;  disorders  of  the  gastrointestin¬ 
al  tract  with  hypoxlc-dlstonlc  states  and  phenomena  of  hypoxldosls  em¬ 
bracing  preferentially  the  region  of  the  portal  basin;  the  initial  forms 
of  myocardial  damage  of  the  serous-""yocardltis  type;  certain  disorders 
of  the  liver,  and  so  forth.  Nevertheless,  clinical  observations  enable 
us  to  link  these  numerous  examples  of  Internal  pathology  v/lth  the  devcl- 
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o|»ner.t  of  hypoxidosis  and  autoallergia  in  attendence  upon  them.  The  link 
between  the  rising  manifestations  of  vascular- tissue  pemeability  on 
the  one  hand  and  the  functional  and  morphological  changes  in  the  vascu¬ 
lar-tissue  structures  under  the  conditions  of  Increasing  hypoxia  and  the 
other  would  explain  the  mechanism  by  which  the  manifestations  of  hypox- 
Idosls  are  aggravated  by  autoallergia. 


@0S@0 _ 

^  6  7  8  9  19  \  r  u  n  e  It  c 


mm 


is  3  Y  ip. 


20KIWW****  **W*^"*^ 


21 


-(CJCtfJac Wtf  iutmomiu  u  lunomittcm^-KMimmju  aiim]  22 


f^mmuSnu  M2l(  *t/inx>flneetix3uM  . 


26 


lo«f«aae  tnumue  Oj 


Aitoxio6neu  OOttai 
1P7  OiIwowmb  a»*«» 


.  J  Ofeotomntxnm  kmvI 
I  luvKuue  3otomlkm»  to 


Developnent  of  hypoxldoses  and  their  complication. 

1)  Causes  of  hypoxia;  2)  external  environmental  factors;  3)  factors  im¬ 
peding  recovery  processes;  4)  pathological  factors;  5)  cold;  6)  rawness; 
7)  overheating;  8)  radiation;  9)  PBD  [not  identified];  10)  disturbance 
of  work  and  rest  schedule;  11)  hypovltaminosls ;  12)  severe  overwork;  13) 
gross  disturbances  to  nutritional  regime;  l4)  insomnia;  15)  trauma;  l6) 
infection;  17)  intoxication;  l8)  BZ  [not  identified];  19)  hypoxia;  20) 
with  Increased  0^  consumption;  21)  with  assimilation  of  0^  blocked;  22) 

vascular  dystonia  and  hypoxlc-dystonlc  syndrome;  23)  hyp 
autoallergia;  25)  focal  infection:  26)  toxic  effect  of  0 
metabolism;  normal  metabolism;  28)  organic  and  allergic 


oxldoses;  24) 
rj',  27)  anaerobic 
disorders. 


In  studying  the  vascular-tissue  permeability  In  persons  with  mani¬ 
fest  hypoxia  and  vascular  dystonia,  we  observe  them  to  show  a  considera¬ 
ble  Increase  in  the  amount  of  fluid  escaping  from  the  vascular  stream, 
as  well  as  an  Increase  in  the  amount  of  albumin  in  it.  This  circumstance 
is  of  essential  Importance  both  in  the  exacerbation  of  the  manifesta¬ 
tions  of  hypoxldosls  and  in  the  development  of  subsequent  autosensltlza- 
tlon  due  to  native  proteins  sweated  out  of  the  vascular  stream.  Reexamln- 
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ation  Cl  the  same  patients  indicates  that  the  development  f  the  hypox- 
Ic-dystonlc  syndrome,  and  then  of  hypoxidosls  and  the  autoallerglc 
state  with  Its  various  complications  may  serve  to  explain  the  Increas¬ 
ing  manifestations  of  hypoxia.  The  appearance  of  the  latter  and  the  de¬ 
velopment  of  further  changes  in  the  organism  up  to  the  point  at  which 
anaerobic  metabolism  and  the  toxic  effect  of  oxygen  prevail  Is  represen¬ 
ted  schematically  In  the  figure. 

This  scheme,  which  Illuminates  the  pathogenetic  importance  first  of 
hypoxia  and  then  of  hypoxidosls  and  autoallergla  In  Intej-nal  pathology, 
also  accounts  for  the  Importance  of  abnormally  high  vascular-tissue  per¬ 
meability  in  a  set  of  disorders  associated  with  exacerbation  and  In¬ 
creasing  frequency  of  hypoxic  manifestations.  It  also  accounts  for  the 
high  frequency  of  serous  Inflammation  as  the  earliest  and  most  frequent 
complication  of  tissue  hypoxia,  which  results  In  various  distinct  forms 
of  organic  pathology.  The  blocking  of  oxygen  assimilation  entered  first 
on  the  diagram  and  then  the  predominance  of  anaerobic  metabolism,  some¬ 
times  considerably  later,  enable  us  to  understand  many  aspects  of  acute 
and  chronic  vascular  pathology  taking  the  form  of  the  most  frequently 
occurring  hypoxidosls  and  autoallergla.  This  Is  why  study  of  hypoxic  man¬ 
ifestations  and  precise  definition  of  the  subsequent  functional  and  mor¬ 
phological  changes  In  the  vascular-t Issue  structures  (which  we  unify  in 
the  concept  of  hypoxidosls)  and  establishment  of  criteria  for  the  atten- 
dent  autoallergla  are  of  such  great  Importan'^e  for  Internal  pathology. 

Manu¬ 
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ON  THE  BASIC  MECHANISMS  COMPENSATING  HYPOXIA 


IN  CHRONIC  CIRCULATORY  INSUFFICIENCY 
A. A.  Ayzenberg,  Ya.S.  Leshchinskaya  and  O.M.  Robolotskaya 

(Kiev) 

The  organism  calls  upon  a  number  of  different  mechanisms  to  compen¬ 
sate  oxygen  Insufficiency  —  changes  In  external  respiration  and  blood 
circulation,  the  volume  of  circulating  blood  and  the  oxygen  capacity  of 
the  blood,  an  Increase  In  the  efficiency  of  oxygen  utilization,  complex 
readjustment  of  metabolism  and  others. 

In  chronic  circulatory  Insufficiency  that  has  developed  In  patients 
with  rheumatic  heart  damage,  the  compensation  of  hypoxia  proceeds  In  a 
distinctive  fashion,  but  Its  mechanisms  have  not  yet  been  clarified  ad¬ 
equately. 

We  studied  the  compensatory  reactions  of  the  organism  In  patients 
with  chronic  circulatory  Insufficiency  in  the  active  and  latent  phases 
of  rheumatism.  For  this  purpose,  we  investigated  the  curves  of  oxygen 
and  carbon  dioxide  fixation,  the  gaseous  composition  of  the  arterial 
and  venous  blood,  the  oxygen  capacity  of  the  blood,  total  and  reduced 
glutathione  and  the  distinctive  features  of  tissue  metabolism,  on  the 
basis  of  the  arterial  venous  difference  between  substances  that  repre¬ 
sent  the  principal  source  of  energy  for  the  tissues  (sugar,  lactic  and 
pyruvic  acid,  fatty  acids,  ketone  bodies  and  amlno-acld  nitrogen).  The 
quantity  of  circulating  blood  and  the  rate  of  exchange  of  the  desolved 
substances  between  the  tissues  and  the  blood  were  Investigated  by  the 
Isotope  method.  The  mass  of  circulating  blood  was  determined  by  the 
Hevesy  method  as  modified  by  D. N.  Strashchesko  and  B. E.  Tartakovsklya, 
using  erythrocytes  tagged  with  P-^  ;  the  exchange  rate  of  the  solutes  was 
taken  Into  account  on  the  basis  of  the  rate  at  which  the  P-^ '  was  ellmln- 
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Inated  from  the  Intracutaneous  depot. 

In  patients  with  heart  defects  (basically,  combined  mitral  defect), 
an  Increase  In  the  oxygen  consumption  of  the  blood  was  observed  even  be¬ 
fore  the  appearance  of  the  clinical  signs  of  circulatory  Insufficiency 
and  In  stage  I.  In  12  out  of  17  patients  examined,  the  arterial  venous 
oxygen  difference  and  the  percentage  utilization  of  oxygen  by  the  blood 
were  Increased.  An  Increase  In  the  venosoarterlal  carbon  dioxide  differ¬ 
ence  and.  In  some  of  the  patients,  an  Increase  In  the  consumption  of  en¬ 
ergy  substances  corresponded  to  this.  In  one- third  of  the  patients,  an 
Increase  was  noted  In  the  arteriovenous  sugar  difference  and  the  venoso¬ 
arterlal  lactic  acid  difference  together  with  a  normal  level  of  these 
metabolites  In  the  blood.  Together  with  this,  there  was  an  Increase  In 
the  metabolism  of  reserve  energy  sources  —  the  concentration  of  amino 
acid  nitrogen  In  the  serum  of  the  arterial  and  venous  blood  Increased 
(in  almost  half  of  the  patients),  and  Its  arterial  venous  difference 
was  higher. 
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Fig.  1.  Quantity  of  circulating  blcs^d.  l)  Volume  of  whole  blood;  II)  to¬ 
tal  erythrocyte  volume , -HI ) plasma  volume,  a)  Heart  defects  without  dis¬ 
tinct  circulatory  Insufficiency;  b)  chronic  circulatory  Insufficiency 
In  Inactive  phase  of  rheumatism;  c)  circulatory  Insufficiency  against  a 
background  of  endomyocardlt Is.  O)  Without  edema;  f)  with  edema.  A)  mg/ 
/kg. 
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The  Increase  In  fat  metabolism  was  characterized  by  elevated  mobll-  | 
Izatlon  of  fat  from  the  tissues  (the  arteriovenous  difference  for  the 
fatty  acids  was  frequently  negative.  In  contrast  to  the  tltuatlon  In 

f 

healthy  persons)  and  by  a  high  consumption  of  ketone  bodies.  It  Is  sug-  j 

! 

gested  that  the  Increase  In  oxygen  consumption  and  the  expenditure  of  i 

I 

energy  substances  Is  a  compensatory  mechanism  that  provides  for  the  nor¬ 
mal  vital  activity  of  the  tissues  when  the  supply  of  blood  to  them  Is 
cut  down. 

Our  attention  Is  drawn  to  the  consistent  decrease  In  the  mass  of 
circulating  blood  In  the  patients  (Fig.  1).  The  consistent  decrease  In 
the  mass  of  circulating  blood  that  we  Identified  In  heart  defects  even 
before  the  appearance  of  distinct  decompensation  criteria  Is  In  agree¬ 
ment  of  the  data  of  the  V.V.  Parln  and  P. Z.  Meyerson,  Ya.I.  Mayzel', 

K. G.  Abramovich  and  V.P.  Zelenina  to  the  effect  that  the  reduction  In 
blood  minute  volume  In  such  patients  must  also  be  regarded  as  an  adapta¬ 
tion  of  the  organism  to  relieve  the  circulatory  apparatus. 

In  stage  IIA  of  circulatory  Insufficiency,  the  Increase  In  the 
blood's  utilization  of  oxygen  comes  out  even  more  clearly.  A  high  arter¬ 
iovenous  oxygen  difference  and  a  high  utilization  percentage  were  found 
In  24  of  31  patients.  As  a  rule,  the  oxyhemoglobin  dissociation  process 
In  these  patients  proceeded  nomally.  The  Increased  rate  of  transfer  of 
oxygen  from  the  oxyhemoglobin  to  the  tissues  was  achieved  as  a  result  of 
the  Increased  carbon  '^loxlde  tension  of  the  blood.  While  the  oxyhemoglo¬ 
bin  dissociation  curves  did  not  leave  the  normal  range  of  variation  (Plg. 
2a),  the  carbon  dioxide- fixation  curves  were  pushed  down  slightly,  and 
this,  with  the  normal  content  of  carbon  dioxide  In  the  blood,  resulted 
In  an  Increased  partial  pressure  from  this  gas  In  the  majority  of  pa¬ 
tients,  particularly  In  the  venous  blood. 

At  the  same  tliiie,  the  consumption  of  energy  substances  Increased. 
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Fig.  2.  Oxyhemoglobin  dissociation  curves,  a)  Patient  K.  IIA  circula¬ 
tory  Insufficiency;  b)  patient  L.  IIB  circulatory  Insufficiency  In  Inac¬ 
tive  phase  of  rheumatism;  c)  patient  S.  Reumatlc  endocarditis.  IIB  cir¬ 
culatory  Insufficiency;  d)  patient  L.  Persistent  septic  endocarditis. 

Ill  circulatory  Insufficiency;  vertical  axis:  0^  saturation  percentage; 

horlxontal  axis:  pOp  In  mm  Hg.  1)  Percentage  saturation;  2)  partial  pres¬ 
sure  In  mm  Hg. 

In  a  third  of  the  patients,  we  observed  a  considerable  arteriovenous  dif¬ 
ference  In  sugar  at  a  normal  level  of  glycemla.  In  more  than  one- third 
of  the  patients,  we  found  an  Increase  In  venous  lactacldemla,  with  the 
corresponding  rise  In  the  venosoarterlal  lactic  acid  difference.  A  tight 
relationship  was  observed  between  the  extent  of  the  Increase  In  the  ven¬ 
osoarterlal  difference  and  the  Increase  In  the  venous-blood  concentra¬ 
tion  of  lactic  arid  (Fig.  3). 

Statistical  analysis  Indicated  a  close  relationship  between  these 
quantxcles.  In  stage  I,  the  linear  correlation  coeffl  lent  r  v;as  0.63, 
and  In  stage  IIA  It  was  O.76  (an  r  of  0. 3  Indicates  a  weak  relationship, 
between  0.3  and  0. 5  the  relationship  Is  moderately  strong;  from  O.5  to 
0.7  It  Is  marked  and  fromi  O.7  up  we  have  a  high  degree  of  correlation). 
Closer  examination  of  the  nature  of  the  relationship  showed  that  a  near- 
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Pig.  3.  Lactic  acid  in  circulatory  Insufficiency.  Venosoarterlal  differ¬ 
ence.  Each  circle  denotes  the  venosoarterlal  difference  (along  the  axis 
of  ordinates)  as  plotted  against  the  lactic  acid  concentration  In  the 
venous  blood  (axis  of  abscissas).  The  curve  of  average  values  of  the 
venosoarterlal  difference  reflects  Its  variation  with  Increasing  lactic 
acid  concentration  in  the  venous  blood;  r  Is  the  linear  correlation  co¬ 
efficient.  a)  Inactive  phase  of  rheumatism;  b)  current  endomyocardltis. 

1)  mg-5^;  2)  stage;  3)  venosoarterlal  difference;  4)  concentration  In  verir- 
ous  blood. 


ly  linear  parabolic  type  Is  most  probable. 

Even  In  the  early  stages  of  decompensation,  we  determined  an  In¬ 
crease  In  nitrogen  metabolism,  with  a  higher  content  of  amino  acid  ni¬ 
trogen  In  the  blood  serum  and  a  rise  In  the  arteriovenous  difference. 

The  Intensification  of  fat  metabolism  was  particularly  distinct,  with 
an  Increase  In  the  rate  of  transfer  of  fatty  acids  from  the  tissues  In-  * 

I 

to  the  blood  and  a  high  consumption  of  ketone  bodies  by  the  tissues 
(Fig.  4).  The  closeness  of  the  correlation  between  the  arteriovenous  dif¬ 
ference  of  the  ketone  bodies  and  their  concentration  In  the  arterial 
blood  was  greatest  In  this  stage  (r  equal  to  0.79). 

-  362  - 


There  Is  a  possibility  that  the  intensified  consumption  of  ketone 
bodies  in  the  early  stages  of  decompensation  is  one  of  the  compensatory 
factors  associated  with  the  Increase  in  fat  metabolism,  which  possesses 
high  calorific  value.  Even  in  stage  IIA,  some  of  patients  showed  an  in¬ 
crease  in  the  mass  of  the  circulating  blood.  The  rate  of  transfer  of 
the  dissolved  substances  from  the  tissues  to  the  blood  was  slowed  down 
insignificantly.  In  a  later  stage  of  decompensation,  IIB,  the  most  im¬ 
portant  compensatory  mechanism  supporting  the  Increased  transfer-  of  oxy¬ 
gen  to  the  tissues  was  a  drop  in  the  affinity  of  the  hemioglobln  for  oxy¬ 
gen.  In  half  of  the  patients  observed,  it  manifested  in  a  shift  of  the 
dissociation  curves  toward  the  right  and  downward,  with  a  sharp  lower 
inflection  (Pig.  lib).  In  contrast  to  the  initial  stages  of  circulatory 
insufficiency,  the  content  and  tension  of  the  blood  carbon  dioxide  drop¬ 
ped  in  stage  TIB,  and  the  increased  transfer  of  oxygen  from  the  hemoglc- 
bin  could  come  about  only  through  a  decrease  in  its  affinity  for  oxygen. 

The  arterial  venous  difference  and  the  percentage  utilization  of 
oxygen  by  the  blood  in  these  patients  v;ere  particularly  (Pig.  Ilb).  How¬ 
ever,  by  virtue  of  the  drop  in  the  affinity  of  the  hemoglobin  for  oxy¬ 
gen,  the  oxygen  tension  in  the  venous  blood,  which  is  a  direct  index  to 
the  extent  of  circa’’ otory  hypoxia,  dropped  less  significantly.  Together 
with  this,  a  number  of  patients  in  serious  condition  shov/ed  no  decrease 
in  the  oxygen  affinity  of  the  hemoglobin  under  the  condlticns  of  dis¬ 
tinct  oxygen  starvation,  which  apparently  ought  to  he  regarded  as  a  dis¬ 
turbance  of  an  important  compensatory  adaption  to  hypoxia  in  these  per¬ 
sons  . 

In  most  of  the  patient''  suffering  from  chroni  :  circulatory  insuffi¬ 
ciency,  the  oxygen  capacity  of  the  blood  remained  mal.  Only  in  a 
small  number  of  patients  (l4  out  of  91)  did  v;e  observe  ?.n  iricrease.  In 
the  later  stages,  particularly  in  stage  m,  the  oxygen  capacity  of  the 
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Pig.  4.  Ketone  bodies  In  circulatory  Insufficiency.  Arteriovenous  differ¬ 
ence.  Axis  of  ordinates:  arteriovenous  difference;  axis  of  abscissas; 
concentration  of  ketone  bodies  In  arterial  blood,  r  is  the  linear  correl- 
latlon  coefficient,  a)  Inactive  phase  of  rheumatism;  b)  current  endomyo- 
cardltls.  1)  mg-5i;  2)  stage;  3)  arteriovenous  difference;  4)  concentra¬ 
tion  In  arterial  blood. 


blood  sometimes  decreased.  Hyperglobuiinemla  was  also  observed  compara¬ 
tively  rarely  (only  in  about  one-fifth  of  the  patients). 

The  Increase  in  circulating  blood  mass  observed  in  most  patients 
In  stage  IIB  (in  24  out  of  38)  took  place  basically  by  an  Increase  in 
the  volume  of  plasma  (Pig.  l). 

In  some  of  the  patients  with  combined  mitral  cardiac  defect,  in 
whom  decompensation  manifested  in  a  considerable  enlargement  of  the  liver 

i 

and  stagnation  effects  in  the  lungs  in  the  absence  of  peripheral  edema  * 

and  ascites,  the  amount  of  circulating  blood  was  normal  or  even  slightly  * 

} 

subnormal.  To  a  certain  degree,  this  confirms  the  conception  according  ^ 
to  which  the  leading  factor  contribution,  on  the  one  hand,  to  the  in-  1 
crease  in  circulating  blood  mass  and,  on  the  ocher,  to  the  appearance  of  I 
edemas  and  ascites,  is  the  retention  of  sodium  and  water  in  the  organism^ 
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due  to  the  Increased  production  of  aldosterone. 

The  total  erytlirooyte  volume  was  within  norroal  limits  In  the  major¬ 
ity  of  patients  suffering  from  chronic  circulatory  insufficiency.  An  in¬ 
crease  was  observed  only  In  some  of  che  patients  with  an  Increased 
amount  of  circulating  whole  blood  (in  7  out  of  24),  which  corresponded 
to  a  moderate  frequency  of  hyperglobullnemla  and  an  increased  oxygen 
capacity  of  the  blood  in  these  patients. 

Thus,  a  change  In  the  volume  of  circulating  blood  took  place  chief¬ 
ly  through  a  change  in  the  plasma  volume  and,  consequently,  could  not 
have  any  substantial  compensatory  value  In  improving  the  oxygen  supply 
to  the  tissues.  The  change  in  blood  oxygen  capacity  also  has  limited 
significance  In  compensating  hypoxia  In  chronic  circulatory  insufficien¬ 
cy. 

In  later  stages  of  circulatory  Insufficiency,  changes  In  metabolic 
processes  with  an  Increase  In  the  anaerobic  phase  and  utilization  of 
oxidation- reduction  systems  come  more  clearly  to  the  fore. 

Very  frequently  (in  of  patients),  we  detected  a  rise  in  the 
lactic  acid  concentration  In  the  venous  blood.  An  Increase  In  the  veno- 
soarterlal  lactic  acid  difference  was  noted  even  more  frequently  -  In 
half  of  the  patients.  The  linea.’  correlation  coefficient  between  then, 
was  high  (0.76)  in  stage  IIB.  Consequently,  despite  the  clear  clinical 
signs  of  liver  damage.  Its  resynthesizing  function  remains  satisfactory 
in  stage  IIB,  and  In  many  patients  was  even  above  normal.  Actually,  an 
increase  in  lactic  acid  concentration  in  the  arterial  blood  was  observed 
three  and  a  half  times  more  frequently  than  in  the  venous  blood  (in  only 
6  out  of  55  patients). 

It  appears  to  us  that  this  fact  reveals  one  of  the  important  compen¬ 
satory  mechanisms  that  supports  reduction  of  glycogen  reserves  In  the 
organism  for  some  time  during  hypoxia.  It  is  known  that  12  times  as  much 


niaterlal  Is  expended  In  anaerobic  splitting  to  produce  the  energy  fom- 
ed  by  total  oxidation  of  glycogen.  To  maintain  biological  equilibrium, 
the  Increase  In  glycogenolysls  must  be  compensated  by  an  Increase  In 
the  resynthesls  of  lactic  acid.  This  would  apparently  account  for  the 
frequently  observed  great  arterlogenous  sugar  difference  In  these  criti¬ 
cal  patients,  a  difference  which.  In  combination  with  the  abnomally 


high  venous  lactacldonla  and  the  large  venosoarterlal  lactic  acid  differ- j  \ 

?nce,  can  provide  an  Idea  of  the  Intensity  of  anaerobic  glycogenolysls  j 

nd  the  compensatory  resynthesls  of  lactic  acid.  Simultaneously  with  « 

his,  gly coneogenes Is  processes  are  enhanced  by  protein  decomposition  —  c 

In  the  patient  studied,  the  amino  acid  nitrogen  content,  the  arterlo-  c 

enous  difference  and  the  percentage  of  oxygen  utilization  by  the  amino  i 

elds  were  all  Increased. 

Increased  ketonemla  was  observed  quite  often  In  stage  IIB  —  In  half  h 

f  the  patients.  At  the  same  time,  the  arteriovenous  difference  and  the  c 

ercentage  utilization  of  ketone  bodies  diminished,  Indicating  depressed  B 

xldatlon  of  these  substances  In  the  tissues.  a 

In  harmony  with  these  data  were  the  changes  In  the  glutathione  con-  a 

ent  of  the  blood.  In  patients  with  chronic  circulatory  Insufficiency,  t 

e  observed,  chiefly  In  stages  IIB  and  IIB- III,  a  distinct  tendency  to-  o 

ard  a  higher  content  of  total  glutathione  In  the  venous  blood  and  a  t! 

Igher  proportion  of  this  substance  to  the  erythrocytes.  The  arterloven-  h 

us  glutathione  difference  was  considerable,  as  regards  both  the  reduced  f 

nd  oxidized  forms. 

The  rate  of  exchange  between  the  tissues  and  the  ^ood  In  stage  IIB  t: 

3  distinctly  disturbed:  the  elimination  of  from  the  intracutaneous  m< 

epot  was  retarded  considerably.  d< 

Thus,  In  state  IIB,  the  decreased  Influx  of  blood  and  oxygen  Into  0  f( 

he  tissues  Is  for  a  long  time  compensated  by  Increased  utilization  of 
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oxygen  and  readjustment  of  the  the  metabolism  with  amplification  of  an¬ 
aerobic  processe  ..  The  Increased  rate  of  the  glycogenolytic  processes 
Is  ccropensated  to  a  considerably  degree  by  an  Increase  In  the  resynthe- 
sls  of  lactic  acid.  Utilization  of  the  glutathione  oxidation- reduct Ion 
system  Is  Intensified. 

In  stage  III  of  circulatory  Insufficiency,  we  observed,  together 
with  a  sharp  drop  In  the  affinity  of  hemoglobin  to  oxygen  and  high  util¬ 
ization  of  the  latter,  a  nortnal  or  depressed  consumption  of  oxygen  and 
elimination  of  carbon  dioxide  (with  a  drop  In  the  arteriovenous  oxygen 
difference  to  3*^5^  1)7  volume  and  In  the  venosoarterlal  carbon  dioxide 
difference  to  2.6^  by  volume.  The  latter  reflected  the  development  of 
histotoxic  hypoxia  (Pig.  2d). 

The  profound  metabolic  disturbances  were  Increasingly  associated 
with  suppression  of  the  ability  of  the  tissues  to  consume  energy-produ¬ 
cing  substances  and  a  depressed  resynthesizing  function  of  the  liver, 
Hyperlactaclderala  was  observed  equally  frequently  In  both  the  venous  and 
arterial  bloods  In  half  of  the  patients.  The  arteriovenous  sugar,  lactlc- 
acld,  and  ketone-body  differences  decreased  or  vanished  as  their  concen¬ 
trations  In  the  blood  rose  to  high  levels.  The  relation  between  the  ven¬ 
osoarterlal  lactic  acid  difference  and  the  concentration  of  the  acid  In 
the  venous  blood,  which  Is  very  clear  In  other  groups  of  patients  and  In 
healthy  Individuals,  became  less  distinct  In  stage  III,  Indicating  pro¬ 
found  derangements  of  the  metabolic  processes  and  their  regulation. 

It  should  be  noted  that  dystrophic  processes  with  depressed  consump¬ 
tion  of  energy-producing  substances  and  exhaustion  of  the  compensatory 
mechanisms  that  provide  for  constancy  of  the  organism's  internal  medium 
develop  very  gradually  in  the  Inactive  phase  of  rheum? t ism  and  reach  pro¬ 
found  degrees  only  In  stage  III  of  decompensation. 

The  processes  described  above  unfolded  somewhat  differently  In  de- 
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conpex^atlon  that  developed  against  a  hackground  of  current  endomyocar- 
dltls.  Hie  co^>enaatory  siechanisau  that  are  brought  Into  play  In  circu¬ 
latory  Inaufflciency  are  suppressed  quite  rapidly  In  current  endomyocar- 
dltls. 

The  oxyheaoglobln  dissociation  process  was  disturbed,  as  manifested 
In  the  change  in  the  dissociation  curves  from  their  normal  S- shape  to 
approximate  a  hyperbola,  nie  compensatory  decrease  In  the  affinity  of 
hemoglobin  for  oxygen  was  Indistinctly  expressed  or  totally  absent,  with 
the  result  that  the  phenomena  of  stagnation  and  hypoxic  hypoxia  were 
sharply  Intensified,  and  histotoxic  hypoxia  appeared  early  in  some  of 
the  cases  (Fig.  2e,  d).  An  Increase  In  the  blood  oxygen  capacity  was 
noted  even  less  frequently  than  in  the  Inactive  phase  of  rheumatism  (in 
11  out  of  l4l  patients).  At  the  same  time,  a  decrease  was  observed  in 
the  majority  of  patients  (In  9Q)>  particularly  when  the  process  took  a 
severe  course;  this  would  correspond  to  a  decrease  In  the  number  and  to¬ 
tal  voliaie  of  erythrocytes  in  the  patients. 

Very  rarely  did  we  note  a  rise  In  the  level  of  total  and  reduced 
glutathione  In  the  blood  (in  only  7  out  of  74  patients).  In  the  severe 
forms  of  endocarditis,  both  the  total  glutathione  content  and  its  con¬ 
tent  in  each  erythrocyte  (Qabbe  coefficient)  showed  a  consistent  decrease 
(Pig.  5).  Intensification  of  the  anaerobic  processes,  with  an  increase 
in  anaerobic  glycogenolysis,  set  in  early,  but  the  intensified  resynthe- 
sis  of  lactic  acid  in  the  liver  was  suppressed.  Hyperlact acidemia  was 
observed  almost  equally  frequently  in  stages  IIA  and  IIB,  in  both  the 
venous  and  the  arterial  blood. 

Restitution  of  glycogenesis  was  apparently  accomplished  to  a  consid¬ 
erable  degree  by  the  least  favorable  path  -  through  an  increase  in  glyco- 
neogenesis  from  the  producds  of  protein  metabolism.  It  was  precisely 
these  patients  who  showed  the  highest  content  of  amino  acid  nitrogen  and 
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the  greatest  —  usually  positive  —  arteriovenous  difference  In  this  sub¬ 
stance. 

A  rise  In  the  rate  of  fat  metabolism  was  characteristic.  High  keton- 
emla  accompanied  all  of  the  severe  foms  of  endocarditis,  but  the  abili¬ 
ty  of  the  tissues  to  oxidize  ketone  bodies,  the  arteriovenous  difference 
and  the  utilization  percentage  of  these  bodies  decreased  at  a  particular¬ 
ly  early  point  in  time. 

The  differences  in  the  course  taken  by  the  metabolic  processes  in 
the  various  stages  of  decooq;>en8ation  were  less  distinct  than  in  the  in¬ 
active  phase,  and  were  obliterated  in  the  more  severe  foms  of  endocar¬ 
ditis.  rystrophic  processes  in  the  tissues,  with  sux»pression  of  their 
ability  to  consume  oxygen  and  oxidize  energy-producing  substances,  to¬ 
gether  with  the  suppression  of  the  resynthesizing  functlcm  of  the  liver, 
processes  that  developed  slowly  during  the  inactive  phase  of  the  rheuma¬ 
tism,  sometimes  over  a  number  of  years,  merged  quickly  on  decompensa¬ 
tion  against  a  background  of  current  endomyocardltls,  reaching  a  criti¬ 
cal  in  the  more  acute  foms  within  a  few  months,  and  sometimes  even  with¬ 
in  a  few  weeks. 

A  considerable  slowdown  of  the  passaige  of  P-'  from  the  tissues  In¬ 
to  the  blood  stream  was  established  by  the  radioactive  method  in  the 
later  stages  of  decompensation.  It  was  particularly  sharply  manifest  In 
some  of  the  patients  during  current  endomyocardltls  (increase  In  the 
half-ellmlnatlon  time  of  from  the  cutaneous  depot  to  9O-II5  min,  as 
against  15-I8  min  under  normal  conditions). 

On  the  other  hand,  the  distinct  decompensation  phenomena  and  the 
profound  metabolic  disturbances  were  found  to  be  reversible  when  the 
basic  rheumatic  process  was  successfully  treated.  If,  however,  It  was 
not  possible  to  arrest  the  current  rheumatic  process,  the  phenomena  of 
circulatory  Insufficiency  developed  with  catastrophic  speed,  and  late 
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Irreversible  deceapWBSStlon  pbenoaeaa  developed  in  a  relatively  r.hoi^. 
tljse. 

The  above  outlines  a  certain  consistent  relationship  In  the  comperv- 
sation  of  bgrpotla  in  chronic  circulatory  insufficiency: 

1.  Bven  before  the  distinct  clinical  signs  of  circulatory  insuffi¬ 
ciency  appear  in  the  initial  stages  of  decoeipensation  (stages  I-IIAX 
the  utilisation  of  oxygen  rises  in  response  to  the  decrease  in  the 
amount  of  blood  arriving  at  the  tissues,  as  does  the  consumption  of  ener- 
gy-produeSng  substances  by  the  tissues  (sugar,  ketone  bodies,  amino 
acids),  wi^MUt  wy  significant  accimnilation  of  intermediate  metabolism 
products  in  the  blooid. 

The  inoreatad  yield  of  oxygen  by  [sic]  the  tissues  is  provided  for 
by  intensifloaHon  of  oxylMnoglobin  disscoation  due  to  the  increased 
carbon  dioxide  tension  of  the  blood.  In  stages  I  and  IIA,  our  attention 
is  dratm  to  a  rlsu  in  fat  netabolisn,  with  increased  mobilization  of 
fats  fron  the  tissues  and  an  increased  consumption  of  ketone  bodies  in 
the  tissues* 

2.  In  a  later  stage  of  circulatory  insufficiency  (stage  IXB,  hypox¬ 
ia  is  cenpensated  chiefly  at  the  expense  of  reduced  affinity  of  hemoglo¬ 
bin  for  ooQ^en  and  the  ad^ustnent  of  metabolism  with  intensification  of 
anaerobic  processes.  Intensification  of  anaerobic  splitting  of  carbohy- 
drates  is  for  sous  time  conpensated  by  a  rise  in  lactic  acid  resynthesis 
in  the  llrer»  and  by  intensified  processes  of  glyconeogenesis  from  mi- 
trogenous  products.  Utilization  of  the  glutathione  system  is  increased. 

3.  In  patients  suffering  from  heart  defer^ts  with  latent  circula¬ 
tory  insufficiency,  the  amount  of  circulating  blood  is  lower  than  normal. 
It  increased  as  deemapensation  developed  and  progressed.  The  amount  of 
circulating  blood  was  increase  chiefly  through  changes  in  the  plasma 
volume  and,  consequently,  is  of  limited  compensatory  value  in  these  pa- 
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tlents.  An  Increase  In  the  oxygen  capacity  of  the  hlood  Is  observed  In¬ 
frequently  and  apparently  has  no  significant  role  In  compensating  hypox¬ 
ia  In  chronic  circulatory  Insufficiency  stemming  from  rheumatic  damage 
to  the  heart. 

4.  In  the  third  stage  of  decompensation,  the  ability  of  the  tis¬ 
sues  to  consume  oxygen  and  energy- producing  substances  Is  lowered,  his¬ 
totoxic  hypoxia  develops,  and  resynthesls  of  lactic  acid  In  the  liver 
Is  suppressed.  The  regulatory  mechanisms  have  been  exhausted.  The  de¬ 
pendence  of  the  venosoarterlal  lactic  acid  difference  on  Its  concentra¬ 
tion  In  tie  venous  blood,  and  that  of  the  arteriovenous  ketone  body  dif¬ 
ference  on  the  concentration  of  ketone  bodies  In  the  arterial  blood, 
which  were  extremely  close  In  stages  I,  IIA  and  IIB,  vanish  In  the  de¬ 
compensation  stage  III.  The  constancy  of  the  organism's  internal  medium 
has  been  disturbed. 

5.  In  circulatory  Insufficiency  that  has  developed  against  a  back¬ 
ground  of  current  end orayo carditis,  the  compensatory  mechanisms  are  sup¬ 
pressed  comparatively  quickly  —  the  hemoglobin  dissociation  process  Is 
disturbed,  histotoxic  hypoxia  develops  early,  the  oxygen  capacity  and 
glutathione  content  of  the  blood  fall,  and  anaerobic  processes  are  In¬ 
tensified,  while  the  lactic  acid  resynthesls  process  in  the  liver  slows 
down  and  the  consumption  of  energy-producing  substances  In  the  tissues 
decreases. 

When  the  rheumatic  process  subsides,  the  manifest  decompensation 
processes  and  profound  metabolic  disturbances  are  found  to  be  reversible. 


I 
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OONCEIHING  HYPOXIA  IN  ATHEROSCLEROTIC  HEART  DAMAGE 
A.L.  Mlkhnev  and  N.S.  Zanozdra 
(Kiev) 

Atherosclerotic  myocardlosclerosla  Is,  together  with  rheumatism, 
the  most  frequent  and  widespread  cause  of  heart  trouble,  disturbances 
to  the  heart's  contractile  function  and  the  development  of  stenocardia, 
myocardial  Infarct  and  circulatory  Insufficiency. 

Atherosclerotic  damage  to  the  heart  may  be  a  consequence  of  various  | 
factors,  and  primarily  of  the  progress  of  a  general  atherosclerotic  pro¬ 
cess,  although  It  can  be  stated  with  confidence  at  the  present  time 
that  hypoxic  shifts  In  the  organism  are  of  unquestionable  Importance 
here  as  well,  as  attested  to  by  clinical  observations  and  scanty  but 
convincing  research  studies. 

In  his  monograph  entitled  ’’Atherosclerosis,"  A.L.  Myasnlkov  pre¬ 
sents  data  to  the  effect  that  the  level  of  oxidation  reduction  process¬ 
es  Is  subnonaal  In  atherosclerosis  patients  -  an  effect  associated  by 
some  authors  with  hypofunctioning  of  the  thyroid  gland.  Thus,  K.K.  Mas-  ^ 
lova  noted  a  marked  decline  In  thyroid  function  and  basal  metabolism  In 

I 

atherosclerosis  x>atlents. 

Ye. A.  Tolochkova  found  a  majority  of  atherosclerosis  patients  exam¬ 
ined  to  show  changes  In  the  gas  composition  of  the  arterial  and  venous 
blood.  A.S.  Fridman,  M.N.  Zolotova-Kostomarova  and  N.G.  Stepanov,  V. A. 

I 

Patreyeva,  M.V.  Ignat' ye v  and  others  also  report  to  this  effect.  I 

s 

V.  Xhuper  ascribes  prime  Importance  to  hypoxia  In  the  development 
of  atherosclerosis. 


We  studied  120  patients  suffering  from  atherosclerotic  myocardlo- 
sclerosls,  detemlnlng  their  external  respiration  Indices,  the  gas  con¬ 
tents  of  the  arterial  and  venous  blood  and,  for  scnne  of  them,  the  curves 
of  oxyhemoglobin  dissociation  and  carbonlc-acld  fixation.  There  were  79 
male  patients  and  4l  females.  For  the  most  part,  the  ages  of  the  pa¬ 
tients  ranged  from  50  to  60  years.  For  convenience  In  presenting  the 
data  obtalr.ed,  we  subdivided  the  patient  group  studied  Into  three  sub¬ 
groups.  A  first  subgroup  consisted  of  52  persons  In  whom  It  had  been 
possible  to  establish  moderately  distinct  signs  of  atheroscleratlc  myo- 
cardlosclerosls  combined  with  stage  II  hypertonia  (classification  of  the 
MZ  SSSR  [USSR  Ministry  of  Health]).  In  patients  of  the  second  subgroup 
(38  persons),  we  noted  distinct  signs  of  myocardlosderosls,  coronary 
Insufficiency  and  stage  I- II- III  general  disturbances  to  circulation 
stemming  from  hypertonia. 

« 

To  the  third  subgroup  (30  persons),  we  assigned  patients  suffering 
from  atherosclerotic  myocardlosclerosls,  stenocardia,  and  circulatory 
Insufficiency  without  hypertonia.  Some  of  these  patients  had  previously 
suffered  myocardial  Infarct. 

In  patients  of  the  first  and  second  subgroups,  the  Increase  In  res¬ 
piratory  frequency,  respiratory  minute  volume  (MOD)  and  1-mlnute  oxygen 
absorption  were  marked,  as  was  the  decrease  In  the  respiratory  depth  and 
reserve,  carbon- dioxide  elimination  rate  and  respiratory  coefficient. 
Particularly  noticeable  was  the  change  In  these  external  respiration  in¬ 
dices  as  the  circulatory  Insufficiency  progressed.  Thus,  respiratory  fre¬ 
quencies  above  20  In  1  minute  were  observed  In  50  persons,  while  the 
MOD  varied  from  8  to  12  liters  In  1  minute  In  33  of  them,  for  the  most 
part  In  the  second  subgroup. 

I  The  Impression  created  was  that  the  Increase  In  respiratory  fre- 
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quency,  MOD  and  oxygen  absorption  in  1  ndnute  respresented  testimony  to  I 
the  stress  isouer  which  the  external  respiratory  apparatus  was  operating, 
%diile  the  decrease  1»  the  depth  and  reserve  of  respiiration  and  the  res¬ 
piratory  coefficient  indicated  its  relative  inadequacy. 

we  detersdned  the  blood  gases  on  38  individuals  (I7  of  first  sub- 

I 

group  and  21  of  the  secor^),  and  noraal  figures  (98-9^5^  for  the  oxygen 
saturation  of  the  arterial  blood  wez»e  noted  in  only  three  of  the  pa^ 
tlents;  depressed  values  (frc«  93  to  905<)  were  observed  in  I3  (with  a 
majority  of  11  in  the  first  Bub,f!;^up),  and  low  Indices  (from  89  to  85 
and  below)  in  22  Indlvidhusils  (here  patients  of  the  second  subgroup  form-  | 
ed  the  majority  of  19).  oxygen  saturation  indices  of  the  venous 
blood  were  lowered  to  the  sane  degree  (in  24  individuals,  this  index 
varied  from  39  to 

BasclaUy*  the  arterial  and  venous  hypoxemia  in  patients  suffering 
from  atherosolsrotic  myocardlosclerosls  was  in*  correspondence  to  the 
gravity  of  the  damage  to  the  heart  muscle  and  appeared  to  contribute  I 
to  the  appearance  of  certain  compensatory  mechanisms.  These  would  in¬ 
clude,  in  addition  to  the  r tressed  functioning  of  the  external  respira¬ 
tory  apparatus,  an  increase  in  the  percentage  utilization  of  oxygen  by 
the  tissues  and  in  the  oxygen  capacity  of  the  blood.  The  percentage  of 
tissue  utilisation  of  oxygen  in  patients  of  the  second  subgroup  was 
doubled  (7<^80jl),  vdiile  the  oxygen  capacity  of  the  blood  had  increased 
to  26-27^  volimie. 

The  quantity  of  carbon  dioxide  in  the  venous  and  arterial  blood  in¬ 
creased  only  In  certain  patients  of  the  first  group,  particularly  when 
pneumos Clares is  was  presant;  a  decrease  in  this  quantity  was  noted  in 
many  persons  of  th»  second  subgroup  coupled  with  circulatory  insufficien-  j 
cy.  j 

For  more  thorough  study  of  the  hypoxic  shifts,  we  determined  oxyhe-  f 


raoglobln  dissociation  curves  in  1?  patients  (6  of  the  first  subgroup 
and  11  of  the  second)  and  the  carbon  dioxide  fixation  curves  in  8  pa¬ 
tients.  A  shift  in  the  curves  v/as  observed  in  12  patients,  of  whom  11 
showed  a  shift  to  the  right  and  downward,  while  only  one  showed  a  shift 
upward  and  to  the  left.  The  upward  and  leftwai*d  shift  of  the  oxyhemoglo¬ 
bin  dissociation  curve  was  noted  in  patient  K. ,  who  was  suffering  from 
manifest  pneianosclerosis,  pulmonary  emphysema  and  pulmonary- cardiac  in¬ 
sufficiency.  The  shift  of  the  curves  to  the  right  and  downward  in  3  peiv 
sons  of  the  first  subgroup  and  8  of  the  second  subgroup  depended  large¬ 
ly,  but  not  always,  on  the  presence  of  circulatory  insufficiency.  In 
manifest  cases  of  atherosclerotic  myocardlosclerosls  with  disturbance 
to  the  contractile  function  of  the  myocardium,  the  oxyhemoglobin  dlsso- 
catlon  curves  lost  their  S-shape  and  acquired  the  shapes  of  hyperbolas. 

In  accordance  with  the  degree  of  atherosclerotic  heart  damage  and 
disturbance  to  its  contractile  function,  the  oxygen  partial  pressure  in 
both  the  arterial  and  the  venous  blood  showed  a  decrease,  while  the  oxy¬ 
gen  transfer  gradient  —  l.e.,  the  difference  between  the  oxygen  partial 
pressure  in  the  alveolar  air  and  that  in  the  arterial  blood  —  became 
steeper. 

In  the  persons  v/hom  we  examined,  the  carbon  dioxide  flxactlon 
curves  were  also  shifted  downward;  the  carbon  dioxide  partial  pressure 
had  risen  markedly  In  both  the  venous  and  arterial  blood.  In  some  pa¬ 
tients,  the  carbon  dioxide  partial  pressure  in  the  venous  blood  was  ex- 
tremelv  high  at  70-80  mm  Hg. 

In  patients  of  the  third  subgroup  (30  persons),  almost  all  of  the 
external  respiration  indices  were  depressed.  The  respiratory  frequency, 
for  example,  was  greater  than  20  in  1  minute  in  only  five  persons,  while 
the  MOD  exceeded  8  liters  in  1  minute  in  four  patients.  The  figures  for 
respiratory  depth  and  reserve,  elimination  of  carbon  dioxide  and  absorp- 
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tlon  of  oxygen  In  1  minute  and  the  respiratory  coefficient  were  particu¬ 
larly  low,  the  latter  dropping  below  O.dO  In  18  patients. 

Such  a  reaction  of  the  external  reaplratoty  apparatus,  which  Is 
obviously  not  adequate  to  the  needs  of  the  organism,  not  only  lowered 
the  ventilation  function  of  the  lungs  in  patients  of  the  third  subgroup, 
but  also  made  It  difficult  for  the  gases  to  diffuse  In  the  pulmonary  cir¬ 
culation.  This  was  attemted  to  by  a  drop  In  the  percentage  oxygen  satur¬ 
ation  of  the  arterial  and  venous  blood.  Thus,  In  patients  with  low  ex¬ 
ternal-respiration  Indices,  distinct  arterial  hypoxemia  (85-88^)  was 
observed  even  without  derangement  of  the  general  circulation;  of  I6  pa¬ 
tients  examined,  14  showed  subnonoal  percentage  saturations  of  the  aiv 
terial  and  venous  blood.  We  had  also  observed  a  decreased  percentage 
oxygen  saturation  of  the  arterial  and  venous  blood  in  an  earlier  study 
of  atherosclerotic  patients  (A,  L.  Mlldin-jv,  V.  P.  Bezuglyy,  N.V.  Osadcha- 
ya). 

In  patients  of  tl^  third  subgroup,  the  ccinpensatory  reactions  In 
response  to  hypoxia  were  considerably  less  distinct  as  compared  to  pa¬ 
tients  of  the  first  and  second  subgroups.  Not  all  of  the  patients  show¬ 
ed  increased  hemoglobin  contents  and  erythrocyte  counts,  nor  an  increase 
In  the  blood  oxygen  capacity.  Only  In  occassional  patients  did  the  oxy¬ 
gen  capacity  of  the  blood  ^eac^  the  level  of  21-22^  by  volume  with  ade¬ 
quately  high  utilization  of  oxygen  by  the  tissues  (60-70$^);  in  most  of 
the  patients,  this  Indicator  was  nczmal  or  even  subnonnal. 

At  the  same  time,  profound  hypoxic  shifts  In  patients  of  the  third 
subgroup  were  Indicated  by  a  decrease  In  oxygen  partial  pressure  In  the 
arterial  and  venous  blood,  a  rise  In  the  oxygen  transfer  gradient  and 
the  carbon  dioxide  partial  pressure  In  both  the  arteries  and  the  veins. 
The  shifts  of  the  oxyhemoglobin  dissociation  curves  downward  and  to  the 
right  were  indistinct,  and  In  two  patients  with  second-stage  circulatory 
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insufficiency,  the  shift  of  the  curves  did  not  occur  at  all,  although 
the  oxygen  partial  pressure  in  the  arterial  and  venous  blood  was  depress¬ 
ed  markedly.  As  In  patients  of  the  first  subgroups,  individuals  of  the 
third  subgroup  showed  a  distinctness  of  hypoxic  shifts  corresponding  tr 
the  clinical  and  electrocardl  ^raphic  pattern  of  damage  to  the  myocardi¬ 
um  and  coronary  vessels. 

Thus,  hypoxia  —  the  earliest  concocBnltant  to  atherosclerotic  heart 
damage  —  appears  In  many  respects  to  predetemlne  the  disturbance  of  the 
myocardial  contractile  function.  And  while  hypertonia  may .also  play  a 
certain  role  In  this  respect  In  patients  of  the  first  and  second  groups, 
hypoxia  occupies  one  of  the  foremost  positions  in  persons  of  the  third 
subgroup  as  a  cause  of  the  emergence  and  development  of  circulatory  in¬ 
sufficiency. 

All  of  this  no  doubt  dictates  the  use  of  certain  therapeutic  meas¬ 
ures.  Oxygen  therapy  and  therapeutic  exercises  may  be  effective  In  coun- 
terlr.g  hypoxia  In  atherosclerotic  patients;  this  would  apply  In  particu¬ 
lar  to  breathing  exercises  that  tend  to  lower  the  frequency  and  deepen 
respiration,  improving  the  ventilation  capacity  of  the  lungs  and  diffu¬ 
sion  of  gases  in  the  pulmonary  circulation. 
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P.VEHOCOiaSIS  OP  ARTERIAL  HIPOXBIIA  IN  iSEOMATIC  HEAFT  DISEASE 

B.P.  Prevarskly 
(Kiev) 

DetcxalMtion  of  the  oxygen  content  In  the  arterial  blood  has  been 
adopted  extensively  as  a  part  of  clinical  practice.  Host  operations  in 
thoracic  sungery,  oxygen  therapy,  ai<d  therapeutic  exercising  are  conduc¬ 
ted  with  oxs^MBioBetric  ■onitoring.  Khowledge  of  the  degree  to  which  the 
arterial  blood  is  saturated  with  oxygen  also  permits  us  to  press  closer 
to  a  deteivlnation  of  the  coeqpensatory  potential  of  pulmonary  respira¬ 
tion  and  to  detect  disturbances  to  pulmonary  circulation.  Considerable 
Importance  is  attached  to  this  index  in  studies  of  patients  with  dlsoz^ 
ders  of  the  cardiovascular  system.  'Bowever,  the  literature  presently 
available  shows  no  consistent  opinion  as  to  the  level  of  oxygen  satura¬ 
tion  of  the  arterial  blood  in  rheumatic  heart  disease,  and  in  cases  with 
arterial  hypoxemia,  its  pathogenesis  is  complex  and  in  many  cases  dispu¬ 
table. 

The  majority  of  authors  maintain  that  in  patients  with  diseases  of 
the  cardio\m8Cular  system,  the  oxygen  saturation  of  the  arterial  blood 
is  usually  not  affected  in  the  stage  in  which  circulation  Is  compensated 
(Xharrop,  Karraso,  Blisa,  A.N.  Qurova  and  others).  However,  the  opinion 
has  been  advance^  that  it  may  be  subnormal  even  In  the  stage  of  circula¬ 
tory  compensation  ^  I.  Boytkevich  and  D.Ya-  Shurygln,  V. I.  Il’lnskly 
and  O.S.  Kiseleva).  Many  authors  find  that  the  oxygen  saturation  of  the 
arterial  blood  is  lowered  max^cedly  only  in  the  presence  of  distinct 
signs  of  cardiovascular  insufficiency  (N.D.  Strazhesko,  V.Kh.  Basllenko, 
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N.A.  Kurshakov,  A.  G.  Dembo,  I.P.  Lulakov  and  others).  I.V.  Bazilevich 
au^  N.M.  Turovets,  S.I.  Vul’fovich  and  L. I.  Georglyevskaya  note  arterial 
hypoxemia  only  In  patients  with  stage  III  culatory  Insufficiency  and 
In  occaslorAl  cases  in  stage  II.  Some  authors  find  that  arterial  hypox¬ 
emia  Is  altogether  uncommon  In  c  ilovascular  Insufficiency  (]^plnger, 

B. M.  Shershevskly,  Dotreband).  The  question  as  to  the  degree  to  which 
activation  of  the  rheumatic  process  influences  the  oxygen  content  In  the 
arterial  blood  has  been  neglected. 

To  shed  light  on  these  questions,  we  studied  124  patients  with 
rheumatic  heart  disease  in  various  stages  of  circulatory  insufficiency 
and  with  varying  activities  of  the  rheumatic  process.  In  the  patients 
observed,  we  determined  the  blood  gases  by  the  Sechenov-Van  Slyke  meth¬ 
od,  the  uniformity  of  the  air  distribution  in  the  lungs,  spirometry, 
pulmonary  gas  exchange,  oxyhemography,  pneumography,  etc.,  in  complex 
v»lth  other  studies. 

The  oxygen  saturation  cfthe  arterial  blood  decreased  only  In  a 
few  patients  with  mild  mitral  heart  defects,  and  In  many  In  whcwi  the 
heart  defects  were  manifest  In  the  stage  of  circulatory  compensation 
and  In  most  patients  with  mounting  circulatory  Insufflcleny.  the 
average,  the  oxygen  saturation  of  the  arterial  blood  In  the  stage  of 
circulatory  compensation  was  at  the  lower  limit  of  the  normal  range; 

M  =  9^.1  +  4.65^.  It  should  be  noted  that  of  the  45  patients  of  this 
group,  the  oxygen  saturation  of  the  arterial  blood  was  found  to  be 
markedly  depressed  in  l4.  In  patients  with  stage  IIA  circulatory  In¬ 
sufficiency,  the  average  was  M  =  90.5  +  6.2^^,  while  In  patients  with 
IIB  circulatory  insufficiency  M  *  88.9  +  4.75^,  and  in  stage  III,  M  = 

-  91.5  ±  2.85^. 

Irrespective  of  the  degree  of  the  circulatory  Insufficiency,  tlie 
oxygen  saturation  of  the  arterial  blood  decreased  In  patients  with  pro- 


tracted  septic  endocarditis  (the  difference  is  statistically  signifi¬ 
cant  as  cGBpared  with  the  other  groups). 

The  qiMStion  as  to  the  pathogenesis  of  arterial  hypoxemia  in  the 
patients  studied  is  nther  coaplcx.  When  the  values  of  arterial  blood 
oxygen  saturation  are  compared  in  each  individual  case  with  other  in¬ 
dices  of  pulmonary  respiration  and  data  from  general  clinical  examina¬ 
tion,  no  consistent  pathogenetic  factor  was  detected  in  the  appearance 
of  arterial  hypoacemia. 

Most  characteristic  for  all  patients  with  arterial  hypoxemia  was 
an  increase  in  the  stagnation  of  blood  in  the  lungs  and  the  resulting 
decrease  in  total  pulmonary  capacity.  On  this  basis,  it  might  be  as¬ 
sumed  that  the  drop  in  arterial  blood  oxygen  saturation  in  patients 
with  rheumatic  heart  disease  set  in  as  a  result  of  the  decrease  in  total 
pulmonary  ventilation  and  inadequate  absorption  of  oxygen.  However,  a 
study  of  pulmonary  gas  exchange  showed  that  the  decrease  in  total  lung 
volume  does  not  result  in  a  decrease  in  ventilatic»i  and  absorption  of 
oxygen  in  1  minute.  Even  in  patients  with  a  total  pulmonary  volume  be¬ 
low  30^  of  normal,  the  ventilation  of  the  lungs  and  the  absorption  of 
oxygen  per  1  min  were  found  to  be  much  higher  than  In  the  normal  state. 
Thus,  in  patients  in  the  dystrophic  stage  of  circulatory  insufficiency, 
the  total  capacity  of  the  lungs  (vital  capacity  +  residual  air)  M  was 
69  +  9.451  of  the  nonml  value,  while  the  absorption  of  oxygen  In  1  min 
M  -  114  ±  22.5%,  and  the  pulmonary  ventilation  M  -  177  +  41. 95^. 

As  a  result  of  the  high  pulmonary  ventilation,  the  oxygen  partial 
pressure  in  the  alveolar  air  was  found  to  have  increased:  M  -  II6  + 

+  11.1  mm  Hg. 

Thus,  the  mechanims  indicated  above  to  account  for  the  appearance 
of  arterial  hypoxemia  must  be  regarded  as  unsubstantiated,  the  more  so 
since  the  blood  minute  volume  was  caislderably  below  normal  for  the 


-  380  - 


given  absorption  of  oxygen  per  1  minute.  In  many  patients  with  arterial 
hypoxemia j  the  uniformity  of  air  distribution  In  the  lungs  was  thrown 
off.  It  changed  particularly  substantially  In  stage  II  and  III  circula¬ 
tory  Insufficiency.  In  patients  with  actively  proceeding  endocarditis, 
as  compared  with  the  Inactive  ^hase  of  the  rheumatism,  more  significant 
focal  difficulties  In  bronchial  passage  were  detected. 

It  should  be  noted  that  the  uniformity  with  which  air  Is  distrib¬ 
uted  In  the  lungs  was  determined  here  by  the  method  of  L.L.  Shlk,  A.M. 
Kullk  and  M.Q.  Shneyderovlch  with  slight  modifications,  and  by  a  modi¬ 
fied  method  with  seven-minute  Inhalation  of  oxygen.  Both  of  these  meth¬ 
ods  produce  data  of  a  specific  kind  and  should  complement  one  another. 

Many  authors  assume  that  nonuniform  ventilation  of  the  lungs  may 
be  the  basic  cause  of  arterial  hypoxemia  (Holden,  N.N.  Savitskiy,  A. A. 
Tregubov,  B.P.  Kushelevskly,  A.M.  Blinova  and  M.Ye.  Marshak,  A.Q.  Dembo 
et  al.).  Actually,  the  most  significant  arterial  hypoxemia  was  observed 

\ 

jin  patients  with  particularly  acute  deviations  from  uniformity  In  -he 

I 

I  pulmonary  air  distribution,  and  Improvement  of  the  alr-dlstrlbutlon  unl- 

I 

Iformlty  In  the  lungs  In  these  patients  was  accompanied  by  a  rise  In  the 

1 

I  oxygen  saturation  of  the  arterial  blood.  In  195^  of  cases,  however,  to- 

i 

I 

igether  with  normal  oxygen  saturation  of  the  arterial  blood  we  also  de- 

% 

i 

Itected  a  pronounced  deviation  from  uniformity  In  the  distribution  of 

I 

|alr  In  the  lungs,  and  In  some  of  the  patients  with  arterial  hypoxemia 

% 

Ithe  degree  to  which  the  uniformity  was  upset  did  not  always  correspond 

i 

|to  the  degree  to  which  the  oxygen  saturation  of  the  arterial  blood  had 
'“been  lowered.  In  such  cases  It  appears  necessary  to  take  Into  cons  id - 
leration  the  state  of  the  regulatory  mechanisms  that  coordinate  pulmon- 
|ary  ventilation  and  i^lmonary  circulation,  as  well  as  other  factors. 
|Among  the  latter,  no  small  importance  attaches  to  Impeded  diffusion  of 
oxygen  through  the  hemoresplratory  barrier.  This  was  Indicated  by  a  de- 
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terioratlon  utilization  of  oxygen  in  the  inspired  air  with  the 

unifonalty  of  pulaonary  air  distribution  cca^Miratively  close  to  normal. 
In  recent  years  the  phenoasna  of  oxygen  diffusion  the  hemorespiratory 
barrier  have  also  been  linked  with  the  tlae  of  contact  between  the 
blood  and  the  air  in  the  pulmonary  capillaries  (Kuman,  Richards). 

Froi  this  standpoint,  we  can  account  for  the  following  apparently 
paradoxical  facts:  in  patients  with  confined  mitral  heart  defects,  re- 
cldive  endocarditis  and  predominantly  dextral  circulatory  insufficiency, 
the  oxygen  saturation  of  the  arterial  blood  (M  «  84.9  +  4.8$^)  was  found 
to  be  lower  than  when  ainistral  insufficiency  predominated,  in  which 
case  N  m  5}i«l  ±7*6%  (statistically  reliable  difference).  In  the  inac¬ 
tive  phase,  the  oxygen  saturation  of  the  arterial  blood  was  higher:  N  « 
■■  94.1  ±  although  in  certain  patients  low-side  indicators  were  also 
noted. 

La  aaalyzing  ^le  results  of  our  study  of  pulmcxiary  respiration  in 
patients  with  predosiinant  sinistral  circulatory  insufficiency,  it  was 
possible  to  note  hi^Mr  figures  for  pulmonary  ventilaticxi,  absorption 
of  oxygen  in  1  sdn,  the  oxygen  partial  pressure  in  the  alveolar  air  and 
the  slowdown  of  pulmonary  circulation  as  compared  with  the  figures  for 
other  patients.  This  provides  a  basis  for  the  idea  that  in  patients 
with  predominantly  sinistral  circulatory  insufficiency,  the  percentage 
saturation  of  the  arterial  blood  with  oxygen  was  higher  than  when  dex- 

t 

tral  circulatory  insufficiency  predominates,  as  a  result  of  superior 
coordinatim  of  the  pulmonary  circulation  due  to  a  higher  oxygen  par¬ 
tial  pressure  in  the  alveolar  air  and  longer  contact  between  the  alveo¬ 
lar  air  and  the  capillary  blood. 

The  fact  that  the  ocygen  saturation  of  the  arterial  blood  was  more 
distinctly  depressed  in  patients  with  actively  proceeding  endocarditis, 
particularly  the  subacute  septic  type,  as  compared  with  inactive  phase 
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I  of  rheumatism  Is  worthy  of  attention.  It  can  be  assumed  that  the  dls- 
i  turbance  to  the  uniformity  of  air  distribution  In  the  lungs  and  the 
I  raising  of  the  hemoresplratory  barrier,  which  manifested  In  smaller 
I  residual  air  volume,  had  an  Influence  on  this.  These  same  patients 
j  showed  a  more  accelerated  pulmonary  blood  flow  (as  determined  by  the 
I  magnesia  method)  as  compared  with  the  Inactive  phase,  and  this  resulted 
I  In  a  shorter  oxygenation  time  and  might.  In  the  presence  of  the  above 
changes  In  the  lungs,  further  aggravate  the  arterial  hypoxemia.  If  en- 
zyn»s  are  a  factor  In  the  oxygenation  process  (Tomas),  then  It  may  be 

assumed  that  when  endocarditis  Is  proceeding  actively,  and  In  cases  of 

i 

the  subacute  septic  type  In  particular.  In  which  many  enzymatic  proces- 
1  ses  are  disturbed,  this  factor  also  figures  In  the  appearance  of  arter- 
I  lal  hypoxemia.  It  would  appear  that  a  change  In  the  properties  of  the 

i 

1  hemoglobin  Itself  and  In  the  pH  of  the  blood  (A. A.  Tregubov,  R.M.  Pov- 
I  olotskaya)  also  has  a  certain  significance  here. 

i  During  sojourns  In  the  oxygen  tent,  most  of  the  patients  showed 
I  oxygen  saturations  reaching  98-1005^  In  the  arterial  blood.  In  some  pa- 
\  tlents,  however,  this  percentage  did  not  rise  even  to  the  lower  limit 

f 

j  of  the  normal  range,  thus  providing  a  basis  for  the  suspicion  that  ven- 

It 

I  ous  blood  Is  entering  the  arterial  stream,  detouring  around  the  pulmon¬ 
ary  capillaries  (S.I.  Vul'fovlch,  Ross'ye,  Yullkh,  Pal ’me  et  al.).  In 
? occasional  cases,  we  observed  a  decline  In  the  oxygen  saturation  of  the 
arterial  blood  (frcro  oxyhemography  and  pneumography  data)  with  respira¬ 
tory  arrhythmias  -  undulating  and  Cheyne-Stokes  respiration.  The  widest 
fluctuations  of  the  arterial-blood  oxygen -saturation  Index  during  a 
single  period  reached  a  maximum  of  18-205^.  Thus,  we  may  arrive  at  the 
'^following  conclusions: 

1.  The  oxygen  saturation  of  the  arterial  blood  began  to  fall  even 
In  the  early  stages  of  development  of  the  rheumatic  process;  It  had  de- 
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creased  earicedly  nhen  the  cardiac  defects  became  manifest  with  increas¬ 
ing  circulatory  Intuffieieney,  particularly  *n  subacute  septic  endo¬ 
carditis. 

2.  lia  pathocansais  of  arterial  hypoxenia  in  rheumatic  disease  of 
the  heart  Is  coaplsx.  The  drop  in  the  oxygen  saturation  of  the  arterial 
blood  is  the  rasult  of  a  disturbance  to  the  uniformity  of  air  distribu¬ 
tion  in  tlM  luhiPt  iigMired  diffusicm  of  oxygen  through  the  hemores- 
piratory  Sarrlar^  admixture  of  venous  blood  into  the  arterial  stream, 
shunting  ths  pi^hloiiary  capillaries,  and  respiratory  arrhythmia.  In  the 
individual  groi^  of  patients-  and  in  each  patient  taken  alone,  we  ob¬ 
serve  a  coabinatian  of  various  factors.  The  significance  of  each  of 
them  in  tlM  development  of  arterial  hypoxemia  depends  on  the  course  and 
severity  of  the  itieuaatlc  process  and  the  development  of  cardiac  de¬ 
fects  and  oirealatory  insufficiency. 
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BASAL  METABOLISM  AND  EXTERNAL  RESPIRATION  IN  CHRONIC  ARTERIAL 
HYPOXEMIA  CAUSED  BY  CONOENITAL  HEART  DEFECTS 
R.S.  Vlnltskaya,  L. S.  Romanova  and  K.Yu.  Akhmedov 

(Moscow) 

Congenital  heart  defects  are  of  Interest  to  the  physiologist 
studying  external  respiration  not  only  from  the  standpoint  of  function¬ 
al  diagnostics,  but  also  from  a  general  theoretical  standpoint. 

There  is  a  group  of  patients  suffering  frcm  congenital  hemodynamic 
ancxnalles  of  the  so-called  '*blue  type,”  in  which  chronic  arterial  hy¬ 
poxemia  is  created  Immediately  after  birth.  This  gr-jup  may  serve  as  an 
example  of  the  elaboration  of  long-term  adaptations  to  chronic  oxygen 
starvation  due  to  a  drop  in  the  oxygen  partial  pressure  in  the  arterial 
blood. 

Problems  of  the  external  respiration  of  patients  with  blue  defects 
are  discussed  in  the  specialized  papers  of  R.A.  Meytln  (195^)^  R-A. 
Meytln,  V.Ya.  Shapovalov  and  L.F.  Sherdukalcv  (1956),  I.S.  Shlryayev 
(1959)f  B.M.  Llpovetskly  (1958),  Bing  et  al.  (19ii8),  Devlson  et  al. 
(1953)  as  well  as  in  papers  concerned  with  description  of  congenital 
heart  defects  and  their  surgical  treatment  (A.N.  Bakulev  and  Ye.M. 
Meshalkln,  1955;  K.  Llttman  and  R.  Fono,  195^;  P.  Wood,  1956,  et  al. ). 

Nevertheless,  it  appears  to  the  present  authors  that  certain  rjues- 
tions  -  particularly  those  concerning  the  relation  between  external 
respiration  and  the  energy  exchanges  in  the  organism  In  this  type  of 
chronic  hypoxemia  -  have  not  yet  been  adequately  clarified.  We  shall 
attempt  to  make  this  analysis  in  tir^  present  paper. 
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We  ran  basal -lietabol Ism  tests  on  150  patients  with  congenital 
heart  defects,  who  had  shown  arterial  hypoxemia.  Including  100  with  a 
diagnosis  of  "Fallot's  tetrad."  The  diagnoses  were  made  by  physician- 
surgeons  of  the  A.V.  Tlshnevskly  Surgery  Institute  of  the  Academy  of 
Usdlcal  Sciences  USSR  on  the  basis  of  coir^^lex  clinical  examination  and 
soundings  of  the  heart,  and  /ere  confirmed  In  surgery. 

In  Fallot's  tetrad,  the  basic  hemodynamic  disturbances  Involve 
venous  blood  entering  the  arterial  stream,  bypassing  the  lungs,  and  a 
decrease  In  the  quantity  of  blood  flowing  through  the  pulmonary  circu¬ 
lation.  Patients  of  this  group  are  more  suitable  for  analysis  of  the 
problem  that  we  set  up  than  are  patients  with  other  blue  defects  (of 
the  type  of  Elsensienger's  complexes)  and  overstrain  of  the  pulmonary 
circulation,  as  a  result  of  which  they  may  show  changes  In  external 
respiration  due  to  factors  other  than  hypoxemia. 


TABUS  1 

Average  Wel^t,  Height,  Basal  MeUbolJsm  and 
Pulmonary  Ventilation  Date  by  age  Grcyps 
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1)  Age,  years:  2)  number  of  ratients;  3) 
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bolism  In  deviation  from  norm;  6}  KI  of 
Og,  ml/llter;  7)  MOD,  ^  of  norm;  8)  EK;  9) 

21  and  older;  10)  total. 


We  studied  the  basal  metabolism  (for  two  days  on  each  patient), 
using  the  Douglas -Holden  method  on  some  patients  and  the  AOOZ-SKTB 
(Kazan')  apparatus  on  others,  with  oxygen  breathing  (In  addition  to 
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consumption  of  Og#  the  elimination  of  CO^  can  also  be  taken  Into  ac¬ 
count  with  this  apparatus).  Then  we  calculated  the* deviations  of  the 
basal  metabolism  from  the  norm  as  computed  from  the  tables  of  Harris - 
Benedict,  the  Og  utilization  coefficient  In  ml/llter  (KI  of  Og),  and 
the  respiratory  coefficient  (I»C).  Tlie  vital  capacity  (ZhYeL)  and  Its 
fractions  were  measured  with  the  patient  In  the  standing  position.  The 
oxygen  saturation  of  the  arterial  blood  (at  rest)  was  determined  in  a 
cuvette  oximeter  on  a  specimen  of  arteriallzed  blood  taken  from  a  fin¬ 
ger  after  warming  the  hand.  Among  the  special  techniques  used  for  stud¬ 
ying  the  external  respiration,  the  residual  air  was  measured  on  some  of 
the  patients  (by  the  method  of  diluting  helium  In  a  VNIIMIO  apparatus), 
as  was  the  resistance  of  the  air  passages  (using  a  VNIIMIO  pneumotacho¬ 
graph);  this  was  complemented  by  electromyography  of  the  respiratory 
muscles.  Table  1  presents  average  data  on  the  weights,  heights  and  the 
quantities  characterizing  energy  metabolism  and  pulmonary  ventilation 
by  age  groups. 


TABLE  2 

Distrlbutlcxi  of  Patients  by  Age  and  by  Devla 
tlon  of  Basal  Metabolism  from  Normal 
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1)  Age.  years;  2)  total  number  of  patients;  3)  basal  metabolism  in  per¬ 
cent;  4)  below  -30  to  -215^;  5)  from  —20  to  -11%',  6)  normal  +105^;  7) 
from  +11  to  +20j<;  8)  from  +21^  up;  9)  21  and  older;  10)  total. 


As  lias  been  noted  more  than  once  In  clinical  handbooks,  and  as 
proceeds  from  the  tabular  data  given,  children  with  chronic  hypoxemia 
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lag  behind  healthy  children  In  weight  and  height.  The  difference  Is 
particularly  significant  In  children  aged  from  7  to  12  years.  The  aver¬ 
age  anthropometric  indices  for  herlthy  children  of  this  age  are  higher 
by  approximately  10  kg  and  10  cm  than  the  averages  for  our  patients. 

The  mean  deviati(»)  of  the  basal  metabolism  from  the  nonn  as  calcu¬ 
lated  from  the  actual  weight  and  height  ranged  from  +1  to  +7%  in  all 
groups  of  children  and  adolescents;  in  t^e  adult  j>atient8,  the  average 
deviation  from  the  norm  was  +13^*  It  is  necessary  ':o  note,  however, 
that  the  mean  deviaticxi  does  not  reflect  those  disturbances  to  metabo¬ 
lism  that  occurred  in  these  patients.  Table  2  shows  the  distribution  of 
the  patients  by  deviaticm  of  the  metabolism  frcMn  normal.  In  oily  half 
of  the  patients  was  the  metabolism  within  the  normal  range  of  variation, 
l.e.,  tlOJI;  32  had  elected  metabolism  (extreme  deviation  up  to  +53^), 
while  15  showed  an  extreme  deviation  to  "Bl^’  In  the  group  of  patients 
aged  7-9  years,  deviations  from  normal  are  encountered  in  more  than 
half  of  the  cases  -  in  18  patients  out  of  32. 

Thus,  the  disturbances  to  the  metabolism  did  not  all  go  in  the 
same  direction.  Bing  assumes  thal-  the  depressed  metabolism  that  he  ob¬ 
served  in  patients  with  arterial  hypoxemia  rdght  be  accounted  for  in 
teima  of  adaptation  of  the  tissues  to  chronic  hypoxemia.  However,  we 
observed  a  decrease  in  metabolism  in  our  patients  only  in  a  small  num¬ 
ber  of  cases.  Cn  the  other  hand,  despite  the  chronic  hypoxemia,  a  ten- 
dency  toward  increased  metabolism  that  became  stronger  with  increasing 
age  was  noted. 

If,  however,  we  adopt  this  standpoint  in  considering  the  corres¬ 
pondence  with  the  age  norms,  it  can  be  stated  that  the  amount  of  oxygen 
consumed  per  minute  and,  accordingly^  the  energy  metabolism  averaged 
lower  in  these  patients  than  in  healthy  children,  and  in  proportion  as 
the  patients  lagged  behind  healthy  individuals  in  height  and  weight. 


It  Is  difficult  to  say  whether  this  Is  an  adaptatlc«  to  chronic  hypox- 
etila  or  a  pathological  shift  resulting  from  It,  but  It  seems  to  us  that 
the  latter  Is  more  likely. 

TABLE  3 

Cixygen  Saturation  c'T  Arterial  Blood  (data  aver¬ 
aged  over  age  groups  and  distribution  of  pa¬ 
tients  by  severity  of  hypoxemia) 
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1)  Age,  years;  2)  total  number  of  p-atlents;  3)  distribution  of  patients 
by  severity  of  hypoxemia;  4)  695^  HbO^  and  lower;  5)  70-?9^  HbOgj  6) 

&0~89%  HbOg;  7)  90$^  HbOg  and  higher;  8)  average  percentage  of  HbO^;  9) 

21  and  older;  10)  total. 

I  Hypoxemia  Is  manifest  In  all  patients  (Table  3).  The  HbO^  Index  of 

I  the  arterial  blood  averaged  around  76%,  7S%  In  the  youngest  group  of 

I  children,  735^  In  the  group  of  children  aged  from  7-9  years,  71%  In  the 

I  n  w 

I  lO-12-year  age  group  and  around  o\%  In  children  of  all  older  age  groups. 

I 

•3 

<  The  gravity  of  the  clinical  state  of  the  children  In  the  first  three 
groups  generally  match' d  the  decrease  in  the  Hb02  percentage  of  the  ar¬ 
terial  blood.  An  exception  Is  found  In  patients  In  whom  we  observed  at¬ 
tacks  of  cyanotic  shortness  of  breath,  which  caused  a  sharp  deteriora¬ 
tion  of  the  patient's  state  as  compared  with  the  state  In  which  he  was 
examined.  In  the  older  age  groups,  there  was  In  general  no  strict  cor¬ 
respondence  between  the  clinical  severity  of  the  disease  and  the  HbO^ 
percentage  In  the  arterial  blood. 

CXir  attention  Is  drawn  to  the  increase  In  pulmonary  ventilation, 
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which  raasr  be  related  to  the  eonatant  stimulation  of  the  chemoreoeptore 
in  the  sihooarotic  and  cai^ioaortlo  zones  by  the  aubnomal  pC,  in  the 
arterial  blood*  The  hyperventilation  was  noted  both  with  reference  to 
the  necessary  oxygen  consumption  (on  the  average «  the  NOD  was  l4l^  of 
normal)  and  with  respect  to  the  actual  oxygen  consumption  (on  the  aver¬ 
age  «  the  XI  of  Og  was  31  BO/llter  as  against  a  norm  of  4o  m^liter). 
Here  the  respiratory  frequency  was  not  increased  in  the  overwhelming 
majority  of  oaaea^  ao  that  the  pulmonary  ventilation  was  increased  by 
deepening  breathing^  itS.«  by  true  alveolar  hyperventilation. 

TABUS  4 

Comparison  of  ODqrgen  Saturation  of  Arterial 
Blood  with  Rsspiiwtory  Ninute  Volume  in  Pa¬ 
tients  with  Fallot *s  Tetrad 
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1)  Percentage  of  Kb02  in  arterial  blood;  2)  total  number  of  patients; 

3)  respiratory  minute  volume  in  of  normal;  4)  100^  and  lower;  3)  from 
101  to  120J<;  6)  from  121  to  150g|  7)  from  15I  to  200ji;  8)  from  201j<  up; 
9)  (down)  to  90;  10)  from  89  to  80;  11)  from  79  to  70;  12)  from  69  down; 
13)  total* 

The  most  pronounced  hyperventilation  occurred  in  the  group  of 
children  aged  from  7  to  12  years,  and  it  was  somewhat  less  marked  in 
younger  children  and  in  adult  patients.  We  found  no  direct  correlation 
between  the  increase  in  hypoxemia  and  the  increase  in  NOD;  the  scatter 
of  the  values  was  wide,  even  though  the  averaged  data  suggests  a  ten¬ 
dency  toward  such  a  relationship.  It  can  be  pointed  '^ut  that  in  patients 
whose  arterial  blood  HbOg  percentage  was  depressed  only  slightly  (above 
the  hyperventilation  was  moderated  (Table  4). 


TABLE  3 

Comparison  of  Basal  Metabolism  with  Respiratory 
Minute  Volume 
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5)  from  103  120^;  6)  from  121  to  150jb;  7)  from  151  to  200^^;  8)  from 

201J<  up;  9)  below  -21;  10)  from  -10  to  -20;  11)  norm  +  [sic]  10;  12) 
from  +10  to  +20;  13)  from  +21  up;  14)  total. 


Nor  did  we  establish  a  direct  relationship  between  the  deviations 
of  basal  metabolism  from  normal  “nd  the  Increase  in  MOD.  It  can  only  be 
noted  that  a  sharp  increase  in  MOD  was  observed  in  patients  with  eleva- 
j ted  metabolism,  and  only  in  Isolated  cases  when  the  metabolism  was  de- 
i pressed  (l^ble  5). 

j  The  measurements  presented  showed  that  the  vital  capacity  in  these 
j patients  was  within  normal  limits  with  reference  both  to  age  (after 
iShalkov)  and  to  1  square  meter  of  body  surface  (after  West  and  Kal't- 
Ireyder);  the  resldual-a:.r  index,  which  was  measured  In  some  of  the  pa- 
Itients  (after  Morza)  was  also  found  to  be  within  the  range  of  the  age 
iiorm  for  healthy  children.  Mixing  of  the  helium  and  settling  at  constant 
Jconcentratlon  required  1.5-2  min,  which  Indicates  uniform  miscibility  of 
|the  gases  in  the  lungs  and  uniform  pulmonary  ventilation.,  It  follows 
If'rom  this  that  despite  chronic  hyperventilation,  there  are  no  emphysem¬ 
atous  changes  In  the  lungs  of  these  patients. 
i 

I  A  bronchial-resistance  test  on  the  pneumotachograph  Indicated  that 
tbhe  bronchial  resistance  was  about  the  same  at  24-64  mm  H^O  during  In- 
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spiration  and  30-70  sar*  R^O  during  explratlai  at  a  espiratory  flow  rate 
of  0.5  llter/eec  In  the  group  of  patients  with  blue  defects  and  in  the 
same  group  of  patients  without  cyanosis.  These  figures  are  somewhat 
higher  than  those  observed  in  healthy  individuals.  It  is  known,  however, 
that  in  small  children  the  bronchial  resistance  is  many  times  that  in 
adults,  since  [sic;  so  that?]  the  the  figures  obtained  attest  only  to 
age-coimeeted  changes  in  the  bronchial  resistance. 

In  children  with  congenital  defects  of  the  Fallot's  tetrad  type, 
the  electrical  activity  of  the  respiratory  muscles  at  rest  was,  as  a 
rule,  elevated  markedly;  intensified  activity  was  manifest  in  only  some 
of  the  wCioleBcent  and  adult  patients,  and  then  to  a  lesser  degree.  As 
we  know,  the  electrical  activity  of  the  respiratory  muscles  may  be  re¬ 
garded  as  an  index  to  effective  impulsation  coming  from  the-  respiratory 
center.  In  this  case,  amplification  of  excitation  in  the  respiratory 
center  may,  as  we  have  already  noted,  result  fran  arterial  hypoxia.  The 
intensified  electrical  activity,  which  attests  to  the  constant  excita¬ 
tion  of  the  respiratory  center,  indicates  at  the  same  time  an  Increase 
in  the  amount  of  work  done  by  the  respiratory  musculature.  The  latter 
would  apparently  result  in  Increased  consumption  of  ©2  by  the  respira¬ 
tory  muscles.  Under  the  conditions  of  grave  chronic  hypoxemia,  the  In¬ 
creased  consumption  of  Og  by  the  respiratory  musculature  and  the  myo¬ 
cardium,  whose  work  la  also  made  heavier  In  this  disease,  further 
■trains  the  exygen  balance  of  the  organism.  From  this  point  of  view  we 
can  understand  the  increase  in  basal  metabolism  that  we  observed  so 
frequently.  At  the  same  time,  and  as  we  have  already  noted,  half  of  the 
patients  showed  metabolism  within  normal  limits,  while  only  a  small 
fractlOTi  of  them  showed  a  marked  increase  in  basal  metabolism.  If  we 
take  into  consideration  the  fact  that  in  these  patients  the  quantity  of 
Og  expended  by  the  respiratory  and  cardiac  musculature  is  in  excess  of 
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the  norm,  then  a  depression  of  metabolism  In  the  remaining  organs  and 
tissues  would  appear  to  be  a  frequent  occurrence. 

Thus,  for  chronic  arterial  hypoxemia,  which  differs  sharply  In  its 
origin  from  the  forms  ordinarily  encountered  (respiratory  Insufficiency, 
mountain  hypoxemia),  persistent  hyperventilation  Is  characteristic, 

^  just  as  It  Is  for  the  common  forms  of  hypoxic  hypoxia.  The  dlstlngulsh- 

i 

I  Ing  feature  Is  the  fact  that  the  hyperventilation  arises  from  early 

I 

I  childhood  and  Is  maintained  for  the  entire  life.  Although  the  0^  con- 

f 

suptlcn  corresponds  formally  In  most  cases  to  the  basal*^tabollsm 
norms  (taking  weight  and  height  Into  account),  the  requirements  of  all 
organs  and  tissues  are  not  fully  covered.  The  opportunities  to  Increase 
the  supply  of  oxygen  In  these  patients  are  sharply  compromised  by  the 
Increase  In  hypoxemia  under  load,  which  limits  the  capacity  for  muscu¬ 
lar  activity. 

Such  constant  oxygen  starvation  and  limitation  of  muscular  activ¬ 
ity  have  particularly  severe  effects  in  the  growing  organism,  retarding 
the  processes  of  Its  development. 

Manu¬ 
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CEHTAIN  ADAPTIVE  REACTIONS  OP  THE  ORGANISM  IN  HYPOXIC  STATES 


IN  HYPERTONIA  PATIENTS 
T. li  Mazurenko 

(Kiev) 

The  development  of  hypertonia  Is  accompanied  by  progressively  ag¬ 
gravating  oxygen  Insufficiency,  a  phenomenon  noted  by  both  workers  In 
the  clinics  and  experimental  researchers. 

In  the  combined  adaptation  of  the  organism  to  mounting  hypoxia, 
great  Importance  Is  ascribed  to  the  blood  system,  which  provides  for 
transportation  of  oxygen  from  the  alveolar  air  to  the  tissues  and  car¬ 
bon  dioxide  from  the  tissues  to  the  alveolar  air. 

C  le  of  the  indices  to  the  blood's  re^lratory  function  Is  Its  oxy- 
I  gen  capacity.  The  normal  proportions  between  the  oxyge.i  capacity  of  the 
blood  and  Its  hemoglobin  content,  which  were  established  by  HUfner  and 
according  to  which  1  g  of  hemoglobin  combines  with  1.3^  ml  of  oxygen, 
tare  subject  to  considerable  fluctuations  under  the  conditions  of  the 
living  organism.  It  has  been  established  by  the  work  of  many  Investiga¬ 
tors  (A. A.  Tregubov,  A.G.  Glnetslnskly ,  Ye.K.  Zhukov,  G.G.  Gazenko  and 
T.I.  Abramson,  A.M.  Charnyy  et  al. )  that  the  oxygen  capacity  Is  not  a 
constant,  but  varies  under  both  physiological  'nd  pathological  condl- 
itlona.  A. A.  Tregubov  found  a  hemoglobin -oxygen  capacity  of  1.31-1*3^  m^ 
In  healthy  humans.  G.G.  Gazenko  and  T.I.  Abramson  indicate  wider  varla- 
^tions;  1.17-1.7  ml  of  oxygen.  The  maximum  volume  of  oxygen  that  can  be 
bound  to  1  g  of  hemoglobin  has  not  yet  been  exactly  established  for  man. 

A  distinct  drop  In  hemoglobin-oxygen  capacity  was  detected  by  A. A. 
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Tregubov  in  lobar  pneumonia «  cancerous  cachexia  and  erythremia^  while  a 
mild  and  unsteady  decrease  is  noted  in  circulatory  Insufficiency,  the 
severe  forms  of  sugar  diabetes,  azotemic  uremia  and  pernicious  anemia. 

M.I.  Zolotareva •4Cost<miBrova  and  N.Q.  Stepanov  defected  fluctua¬ 
tions  in  the  hemc^lob in -oxygen  capacity  (both  increases  and  decreases) 
in  patients  suffering  from  myocardial  infarct,  while  K.M.  Malenkova 
noted  similar  changes  in  hypertonia  patients. 

According  to  the  data  of  the  above  authors,  th3  variability  of  the 
hemc^lobin-oxygen  capacity  may  depend  on  many  factors:  changes  In  the 
medium  surrounding  the  erythrocyte,  the  presence  of  toxic  substances  In 
the  blood  and  the  appearance  of  '’inactive"  hemoglobin  products  (A. A. 
Tregubov),  as  well  as  changes  in  the  erythrocyte  Itself. 

Without  going  into  the  pathogenetic  details  of  the  disturbance  to 
the  functional  properties  of  hemoglobin.  It  is  Important  to  note  the 
general  c(»ivlction  among  researchers  that  the  variability  of  the  hemo¬ 
globin's  capacity  for  oxygen  in  the  direction  of  an  Increase  Is  one  of 
the  cosMpansatory  adaptive  reactions  that  the  organism  calls  upon  under 
the  conditions  of  oxygen  insufficiency. 

In  studying  the  respiratory  function  of  the  blood  In  hypertonia 
patients,  we  have  drawn  attention  to  the  frequent  noncorrespondence  be¬ 
tween  the  oxygen  capacity  of  the  blood  and  the  amount  of  hemoglobin 
present,  and  also  to  changes  In  the  hemoglobin -oxygen -capacity  Index  In 
one  and  the  same  patient,  as  well  as  between  patients  in  different 
stages  of  the  disease.  Taking  these  observations  Into  account,  together 
with  the  literature  data  set  forth  above,  we  conducted  a  number  of  com¬ 
plementary  investigations.  Juxtaposing  the  data  obtained  from  the  oxy¬ 
gen  capacity  of  hemoglobin  with  the  distinctive  features  of  the  eryth¬ 
rocyte  population  of  the  blood  In  these  same  patients. 

Observations  were  ccxiducted  l40  hypertonia  patients  under  the 
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conditions  of  the  Hospital  Iherapy  Clinic  of  the  Kiev  Medical  Institute 
based  on  the  Lenin  Regional  Hospital;  of  these,  according  to  the  class 1 
float Ion  of  N.D.  Strazhesko,  42  persons  were  In  stage  I,  79  In  stage  II 
and  19  In  stage  III.  The  following  quantities  were  studied  In  these  pa¬ 
tients:  gas  composltl<»i  of  the  blood,  hemoglobin  content,  erythrocyte 
count,  diameter,  volume  and  thickness  cf  erythrocytes,  and  number  of 
reticulocytes;  this  was  followed  by  calculation  of  the  oxygen  Index  to 
hemoglobin  capacity  (after  A. A.  Tregubov). 

Studies  of  the  patients'  blood-gas  composition  showed  varying  de¬ 
grees  of  oxygen  Insufficiency  In  the  organism,  with  a  tendency  to  ag¬ 
gravate  as  the  disease  progressed  from  stage  to  stage. 

In  patients  In  stage  I  of  the  Illness  (42  Individuals),  the  Index 
of  hemoglobin -oxygen  capacity  varied  from  1.32  to  1.76,  exceeding  1.4 
ml  of  oxygen  In  the  majority  of  persons  examined  (72j^).  Significant 
lack  of  correspondence  between  the  amount  of  hemoglobin  and  Its  oxygen 
capacity  was  observed  In  many  patients.  Thus,  In  patients  S. ,  the  erj- 
throcyte  count  was  5*890,000  In  1  the  hemoglobin  content  was  108^, 

and  the  oxygen  capacity  of  the  blood  was  23* by  volume,  with  the  oxy¬ 
gen  capacity  Index  at  1.37  il*  patient  G. ,  the  erythrocyte  count  was 
4,750,000,  the  hemoglobin  content  90?^,  the  oxygen  capacity  of  the  blood 
22. by  volume,  and  the  hemoglobin -oxygen  capacity  Index  1.57  ml  of 
oxygen.  Similar  variations  were  observed  In  other  patients. 

Patients  were  observed  to  show  normal  erythrocyte  contents,  with 
the  color  Index  approaching  unity  (0.9-l*0)*  The  variation  curves  of 
erythrocyte  diameter  were  within  normal  limits.  In  the  erythrocyte  for¬ 
mula  (according  to  R.G.  Tslbulevskaya ) ,  macrocytosls  was  diffusely  man¬ 
ifest  In  some  of  the  patients  together  with  normal  average  figures  for 
the  diameter,  volume  and  thickness  of  the  erythrocytes. 

In  patients  in  stage  II  of  the  disease  (79  persons),  the  oxygen 
capacity  of  the  blood  was  increased  In  the  overwhelming  majority  of 
cases.  The  hemoglobin-oxygen  capacity  Index  varied:  In  the  predominant 
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■■Jorlty  of  It  tws  in  tbe  nni^c  fron  1. 4-1.7  ■!  of  oxygen^ 

ffon  1.3  to  1.4  in  25^  of  eafet«  and  dapreased  in  10%  of  patients,  fron 
1.21  to  1.23  ^  of  axygen. 

As  was  tha  case  with  patients  in  stage  I  of  the  disease,  some  of 
the  patiehta  showed  lack  of  correspondence  between  the  aioount  of  hemo¬ 
globin  and  its  axygen  capacity.  TIuis#  in  patient  K. ,  the  erythrocyte 
count  was  4,J^,000,  the  hemoglobin  at  92%,  the  blood-oxygen  capacity 
at  22*5%  hy  volume,  and  the  hemoglobin-oxygen  capacity  index  at  1.32  ml. 
The  examinations  were  repeated  a  week  later:  the  erythrocyte  count  was 
4,680, 000,. hemoglobin  $6%,  blood-oxygen  capacity  23.1^  by  volume  and 
hemoglobin-axygen  oapaeity  1.5  ml.  After  still  another  week,  the  fig¬ 
ures  were:  erythrocytes  5 $050, 000,  hemoglobin  104)t,  blood-oxygen  cap¬ 
acity  24,3^  by  volume  and  hemoglobin -oxygen  capacity  1.4  sa. 

As  will  be  seen  from  these  data,  the  hemoglobin -oxygen  index  de¬ 
creased  in  parallel  with  an  increase  in  the  amount  of  hemoglobin  and 
rising  oxygen  capacity  of  the  blood.  In  this  case,  consequently,  the 
increase  in  blood-oxygen  capacity  was  achieved  at  the  expense  of  In¬ 
creasing  the  amount  of  hemoglobin,  rather  than  its  oxygen  capacity. 

In  patient  R. ,  dynamic  studies  at  intervals  of  7>10  days  showed 
the  following: 

Er  ~  4,200,000,  Hb  ~  80^,  blood  oxygen  capacity  -  19.6^  by  volume, 
Hb  oxygen  capacity  -  1.33  m^ 

Er  -  4,640,000,  Hb  -  92%,  blood  oxygen  capacity  -  21. 85^  by  volume, 
Hb  oxygen  capacity  -  1.47  mi 

Er  -  4,000,000,  Kb  -  78j<,  blood  oxygen  capacity  -  195^  by  volume, 

Hb  oxygen  capacity  -  1. 32  ml 

As  will  be  seen  from  the  data  given  above,  a  drop  In  the  oxygen 
capacity  of  the  hemoglobin  accompanied  the  Increase  In  Its  amo’ont,  and 
the  subsequent  drop  in  the  amount  of  hemoglobin  was  accompanied  by  a 
rise  in  its  oxygen  capacity,  'nie  changes  In  the  oxygen  capacity  of  the 
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blood  followed  the  changes  In  the  amount  of  hemoglobin.  Similar  changes 
were  registered  In  other  patients  as  well. 

As  regards  the  red  blood.  It  was  possible  In  some  cases  to  detect 
mild  degrees  of  both  erythrocytosls  and  erythropenla  against  a  b5ick- 
ground  of  more  frequent  normal  erythrocyte  counts.  Itfhlle  the  average 
erythrocyte  diameter  remained  unchanged,  the  variation  curve  and  ery¬ 
throcyte  formula  showed  certain. shifts  In  the  direction  of  macrocytosls 
In  many  of  the  patients.  Periodic  reticulocyte  shifts  were  observed. 

In  the  patients  In  stage  III  of  the  disease  (19  Individuals),  ob¬ 
servations  of  normal  or  only  slightly  decreased  hemoglobin  content  were 
attended  by  a  distinct  drop  In  the  blood  oxygen  capacity  and  In  the  he¬ 
moglobin  oxygen  Index.  In  four  patients,  the  oxygen  capacity  Index  of 
the  hemoglobin  varied  In  the  range  from  1.3-1*^  of  oxygen,  but  as 
their  condition  progressively  deteriorated,  these  Indices  fell  off  con¬ 
siderably.  In  some  of  the  patients,  we  also  observed  periodic  rises  In 
I  the  Indices,  but  basically  the  hemoglobin-oxygen  capacity  Indices  were 
^  uniformly  depressed. 

I  In  patient  B. ,  the  hemoglobin -oxygen  Index  varied  with  the  state 

.  of  the  patient,  although  the  amount  of  hemoglobin  remained  practically 
%  stable: 

1  10  March  1962;  Hb  -  6k^;  Hb  oxygen  Index  ~  1.28  ml 

20  March  1962:  Hb  -  66^^;  Hb  oxygen  Index  -  1.32  mJL  of  oxygen. 

One  day  before  the  death  of  patient  V. ,  the  hemoglobin -oxygen  cap¬ 
acity  Index  was  at  0.92  m^  of  oxygen.  Both  anemia  and  mild  erythrocy¬ 
tosls  were  observed  as  regards  the  red  blood.  The  color  Index  was  at 
the  upper  limit  of  the  normal  range.  The  variational  curve  of  erythro¬ 
cyte  diameters  was  shifted  to  the  right  In  most  patients.  The  erythro¬ 
cyte  formula  showed  manifest  macrocytosls.  The  average  volume  and  thick¬ 
ness  of  the  erythrocytes  were  also  Increased  somewhat.  No  essential 


changes  were  noted  as  regards  the  retlculoxyte  population. 

On  coRparing  the  changes  in  erythrocyte  p<ittem  as  observed  In  pa¬ 
tients  in  different  stages  of  the  disease  with  the  changes  In  the  gas 
composition  of  the  blood  and^  in  particular,  with  the  hemoglobin -oxygen 
capacity  indices  in  these  same  patients,  and,  further,  taking  the  clin¬ 
ical  picture  into  account,  we  were  able  to  establish  that  as  the  hyper¬ 
tonia  develops  and  oxygen  insufficiency . is  aggravated,  the  morphologi¬ 
cal  features  of  the  erythrocytes  and  the  functional  properties  of  the 
heBoglPbin  luidement  changes. 

In  stage  I  of  the  disease,  these  changes  were  rather  vague  In  na¬ 
ture.  However,  periodic  increases  In  the  total  erythrocyte  and  reticu¬ 
locyte  count,  as  well  as  the  number  of  erythrocytes  approaching  the 
macrocyte  state  and  the  distinct  tendency  toward  Increased  hemoglobin 
oxygen  capacity  in  stage  I  and  II  patients  already  reflect  compensatory 
stress  (»  the  blood's  respiratory  function  as  difficulties  arise  In  oxy 
gen  exchange. 

It  is  Interesting  to  note  that  Increases  In  oxygen  capacity  In 
stage  I  and  II  patients  were  not  always  accompanied  by  an  Increase  In 
the  hemoglobin -oxygen  index,  but  that  the  reverse  was  observed  quite 
frequently.  In  these  cases,  the  concurrently  Increasing  erythrocyte 
count  and  hemoglobin  ccxitent  reflected  a  variety  of  the  blood's  compen¬ 
satory  mechanisms,  which  are  assuring  the  organism  Its  required  oxygen 
budget. 

In  patients  in  stage  III  of  the  disease,  the  hemoglobin -oxygen  In¬ 
dices  alao  dropped  substantially  together  with  the  decrease  in  the  oxy¬ 
gen  capacity  of  the  blood.  The  morphological  peculiarities  also  become 
more  evident  in  the  erythrocyte  population  of  the  blood.  In  most  of  the 
patients  studied  during  this  phase  of  the  disease,  an  increase  in  ery¬ 
throcyte  diameter  ims  accompanied  by  increases  in  their  volume  and 
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thickness  as  well.  If  It  Is  remembered  that  the  basic  and  most  Impor¬ 
tant  function  of  the  blood  -  the  dissociation  of  oxyhemoglobin  -  Is 
i  performed  at  the  surface  of  the  erythrocytes,  we  cannot  but  recognizr. 

In  this  Increase  In  erythrocyte  surface  area  with  the  development  of 
hypertonia  and  the  passage  frcnn  stage  to  stage,  a  significant  compen¬ 
satory  mechanism  whose  direction  Is  to  support  metabolic  processes  in 
the  organism  under  the  conditions  of  progressing  oxygen  Insufficiency. 

In  patients  In  stage  III  of  the  disease,  distinct  macrocytosls  and 
moderate  erythrocytosls  are  observed  In  company  with  an  anemic  state; 
microcytes  have  appeared,  and  this  has  given  rise  to  more  pronounced 
anlsocytosls.  Juxtaposing  these  data  to  the  blood -gas -composition  In¬ 
dices  for  these  patients,  which  Indicate  developing  tissue  hypoxia  and 
functional  Inadequacy  of  the  hemoglobin,  we  are  struck  with  the  Idea 
that  these  changes  no  longer  Indicate  simply  an  adaptive  stress  Im¬ 
posed  on  the  blood,  but  also  exhaustion  of  Its  capabilities  under  the 
conditions  of  disturbed  tissue  metabolism  In  patients  In  stage  III  of 
the  disease. 

From  the  above  we  may  conclude  that  the  variability  observed  In  the 
Indices  of  hemoglobin -oxygen  capacity  and  the  variation  of  the  erythro¬ 
cyte  composition  of  the  blood  represent  compensatory  mechanisms  of  the 
organism,  mechanisms  that  arise  in  different  combinations  at  different 
stages  of  the  organism's  adaptation  to  oxygen  Insufficiency  In  hyper¬ 
tonia. 
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CHARACTERISTICS  OP  HYPOXIC -DySTONIC  SHIFTS  IN  THE  DIAGNOSIS  OF 

ENDOCARDITII^S  AND  THEIR  IMPORTANCE  FOR  THERAPEUTIC  PRACTICE 

G.Ya.  Danish 
(Kiev) 

In  endocarditis  patients,  the  damage  to  the  endocardium  Is  com¬ 
pounded  by  damage  to  the  vascular  system  with  Its  abundant  endothelial 
apparatus.  In  occasional  cases,  these  vascular  disorders  move  into  the 
foreground,  while  the  Injury  to  the  endocardium  recedes,  as  it  were,  in 
to  the  general  pattern  of  the  disease.  As  we  know,  the  factor  of  sen¬ 
sitization  plays  the  leading  role  In  the  pathogenesis  of  endocarditis. 
In  studying  the  clinical  varieties  of  endocarditis,  we  have  an  attempt 
to  investigate  their  relationship  to  focal  infection  as  the  most  impor¬ 
tant  factor  In  sensitization,  to  determine  the  injury  to  the  vascular 
system  as  a  manifestation  of  sensitization  with  the  available  clinical- 
laboratory  techniques,  and  to  examine  the  respiratory  function  of  the 
blood  and  the  extent  of  the  hypoxic  shifts. 

In  examining  the  patients,  the  general  clinical  investigations 
were  accompanied  by  caplllaroscopy ,  measurement  of  arterial  pressure  in 
the  orthostatic  position,  electrocardiography,  and  gas  analysis  of  the 
blood,  using  the  Sechenov-Van-slyke  apparatus.  We  investigated  34  pa¬ 
tients  with  different  forms  of  endocarditis.  According  to  N.D.  Stra- 
zhesko's  classification,  the  patients  were  distributed  as  follows: 
acute  and  subacute  benign  endocardltides ,  4;  chronic  endocarditldes 
with  indeterminate  course,  5;  chronic  benign  endocarditldes  without  dls 
turbances  to  blood  circulation  or  in  the  initial  stage  of  blood-clrcu- 


latlon  disturbance,  25.  The  data  of  the  study  a  'e  assembled  In  Table  1. 

Thus,  foci  of  infection  were  detected  In  the  form  of  chronic  ton¬ 
sillitis  in  23  patients,  in  hepatocholecystltls  in  6  patients,  and  in 
carles,  sinusitis  and  the  like  in  6  other  patients.  Sc«ne  of  the  pa¬ 
tients  had  two  and  more  Infection  foci.  The  clinical  manifestations  of 
one  of  the  Infection  foci  were  taken  Into  account  preferentially  for 
these  patients.  In  some  cases,  this  was  hepatocholecystltls  and  maxillary 
sinusitis;  dental  carles  and  chronic  hepatitis,  and  tonsillitis,  al¬ 
though  the  mo.>t  distinct  changes  were  most  frequently  encountered  in 
the  tonsillar  apparatus.  Thus,  the  infection  was  not  monofocal,  and  in 
such  patients  the  second  focus  must  be  regarded  as  an  additional  factor 
in  sensitization. 
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TABLE  1 

Clinical  Laboratory  Data  on  Endocarditis  Pa¬ 
tients 
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1)  Nature  of  disease;  2)  number  of  patients  studied;  3)  foci  of  infec¬ 
tion;  4)  tonsillitis;  5)  hepatocholecystltls;  6)  other;  7)  arterial  hy¬ 
poxemia;  S)  venous  hypoxemia;  9)  tissue  hypoxia;  10)  EKG;  11)  change  In 
T-wave;  12)  shift  of  ST  interval;  13)  syndrome  of  stenocardia  type;  1^) 
change  in  pulsepressure ;  15)  capillaroscopy ;  16)  disturbed  permeability; 
17)  disturbed  capillary  tone;  18)  albuminuria;  I9)  hematuria;  20)  acut' 
and  benign  endocardltldes ;  21)  chronic  endocardltldos  with  Indetermin¬ 
ate  course;  2?)  chronic  benign  endocardltldes;  23)  total. 
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Sc«ne  of  the  patients  could  not  indicate  the  exact  date  at  which 
the  disease  had  begun,  since  Its  manlfestatlorB  had  appeared  when  the 
peripheral  blood  circulation  was  already  Interfered  with  or  had  been 
noticed  accidentally.  Other  patients  associated  the  onset  of  the  Ill¬ 
ness  with  an  attack  of  angina,  with  the  ’’grippe,”  with  a  rapidly  devel¬ 
oped  syndrome  of  acute  polyarthritis  or  arthralgia.  The  subsequent 
course  of  the  disease,  and  its  relapses  In  particular,  although  assoc¬ 
iated  in  moat  eases  with  the  peculiarities  of  the  focal  Infection,  oc¬ 
casionally  occurred  after  overfatigue,  chilling  or  surglgal  interven¬ 
tion.  l^us,  in  patient  Ts-k,  a  relapse  occurred  after  conmlssurotomy , 
and  so  severely  that  decompensaticxi  phenomena  arose. 

Tc^ether  with  complaints  of  palpitation  and  Irregularity  of  the 
heartbeat  and  shortness  of  breath,  some  of  the  patients  placed  particu¬ 
lar  emphasis  pain  of  a  squeezing  and  crushing  type  In  the  region  of 
the  heart,  with  Irradiation  under  the  left  shoulder  blade  and  Into  the 
left  arm,  particularly  after  physical  ‘•xertlon  and  at  night.  It  was  not 
possible  to  establish  a  dependence  of  the  stenocardia -type  syndrome  on 
the  form  of  the  endocarditis,  but  nevertheless  chronic  sufferers  and 
patients  with  aortomltral  damage  frequently  presented  such  complaints. 

The  pathogenesis  of  the  coronary -Insufficiency  syndrome  is  complex; 
damage  to  the  vascular  connective -tissue  structures,  vascular  dystonia 
and  hypoxic  shifts  are  substantial  factors  here  together  with  others 
(F.Ya.  Prlraak,  Q.M.  Povolotskaya,  Ya.S.  Leshlnskaya  and  others). 

The  complaints  described  above,  which  would  incline  us  to  assume 
damage  to  the  coronary  vessels,  were  confirmed  by  EKO  data.  Thus,  In 
21  patients,  the  T-wave  was  modified,  and  In  15  the  ST  interval  was 
shifted;  this  may  be  regarded  as  a  manifestation  of  myocardial  hypoxia, 
a  disturbance  to  the  permeability  and  tone  of  Itii  vessels.  A  distur¬ 
bance  In  vascular  tone  was  Indicated  by  data  from  measurements  of  ar- 
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I  terial  pressure,  particularly  In  the  orthostatic  position,  when  thr 

I 

s 

I 

I  pulse  pressure  dropped  for  six  to  ten  minutf  s  from  t>0  to  20,  while  thi^ 

I  oscillatory  index  was  halved.  On  capillaroscopy  of  the  nailfold,  20  pa¬ 
tients  showed  disturbances  to  capillary  tonus  in  the  form  of  tortuaclty 
constriction,  aneurismatic  protuberences  and  occasionally  even  paresis. 
The  permeability  disturbance  could  be  Judged  from  the  turbidity  of  the 
basic  background  in  the  field  of  view,  which  sometimes  rendered  it  Im¬ 
possible  to  distinguish  the  shape  of  the  capillaries.  Together  with 
pronounced,  pericaplllary  edematlzation,  escape  of  erythrocytes  outslde 
the  capillary  stream,  with  formation  of  extravasates ,  was  observed  in 
occasional  cases.  Urinalysis  also  Indicated  an  elevated  permeability  cf 
the  capillaries,  witness  albuminuria  (13  patients)  and  hematuria  (7  pa¬ 
tients)  ranging  from  traces  to  distinct  degrees,  but  most  often  of  the 
mlcrohematurlc  type.  The  above  manifestations  in  the  endocarditis  pa¬ 
tients  suggest  injury  to  vessels  in  various  organs.  As  an  example,  let 
us  present  a  brief  extract  of  a  case  history. 

Patient  S-sh,  25  years  old.  Case  History  No.  3933*  On  25  February 
1962  was  delivered  by  ambulance  to  1st  Surgical  Division  of  the  Hospi¬ 
tal  Named  for  the  October  Revolution  from  the  treatment  division  of  one 
of  the  regional  hospitals  around  Kiev,  with  complaints  of  sharp  pains 
in  the  upper  abdomen,  shortness  of  breath,  palpitation  of  the  heart, 
end  a  high  temperature.  He  regards  himself  as  having  been  ill  since 
1952,  when  he  first  suffered  shortness  of  breath  after  a  spell  of  acut* 
polyarthritis.  In  February  1962,  after  an  attack  of  angina,  his  temper¬ 
ature  rose  to  39°  C  and  all  his  Joints  became  acutely  painful;  the 
joints  swelled  and  the  patient  was  admitted  to  his  .ueighborhood  thera- 
pe  utic  ward  where  his  state  gradually  Improved.  On  24  February  19o<-, 
his  temperature  rose  to  38°  C,  the  pain  in  the  joints  again  intensified 
a  rash  of  the  erythema  annularis  type  appeared,  together  with  sharp  pain 


in  the  abdomen,  bloody  stool,  and  urln'~‘  thr  color  of  meat  wash  in, 

This  state  recurred  on  2-3  March,  and  the  patient  was  transferred  te 
the  Ist  therapeutic  division  with  the  following  diagnosis:  exacorbatlai 
of  chronic  endomyocardltls,  polyarthritis;  mitral  Insufficiency,  steno¬ 
sis  of  the  left  venous  orifice,  diffuse  vasculitis.  On  20  March,  the 
patient  developed  an  acute  attack  ol  pain  In  the  region  of  the  heart, 
accompanied  by  a  sensation  of  suffocation.  The  attack  was  cut  short  by 
administration  of  cardiac  vasodllatants  and  prescription  of  oxygen. 

Blood  analysis  of  26  February  1962;  erythrocyte  count  5,350,000, 
hemoglobin  1035^,  leucocytes  25,400,  stabnuclear  13,  segmented  77,  lymph¬ 
ocytes  6,  monocytes  4,  ROE  [erythrocyte  sedimentation  test]  4  mm.  On 
10  March  1962:  erythrocytes  4,090,000,  hemoglobin  66%,  leucocytes  4600, 
eosinophils  2,  stabnuclear  3,  segmented  6l,  lymphocytes  31,  monocytes 


4,  ROE  11  nr 

Urinalysis :  Albuminuria  3*35^,  hematuria  40-60  slightly  modified 
and  leached-out  erythrocytes  In  the  field  of  view. 

Arterial  pressure;  9O/5O -100/60  mm  Hg. 

Caplllaroscopy :  Severe  turbidity  In  the  field,  so  pronounced  that 
it  was  Impossible  to  make  out  the  size  of  the  capillary.  The  field 
background  was  reddlsh-plnk  in  color. 

12  March  I962.  EKG.  Sinusoidal  rhythm,  pulse  IO8  per  min,  PQ 
0.20,  QRS  0.08,  QT  0.32,  distinct  Q  In  derivations  II-III  and  CR^^. 


ST 

T, 


T-  T-T-  „„  descended  under  isoelectric  line.  T-  +  1,  Tt-.,  2, 

i,ii,  g  1  li 

+  2,  Tpn  +  3* 


CR 


CR6 


28  March  1962.  Sinusoidal  rhythm,  pulse  84  In  1  min,  PQ  O.17,  QRS 
0.07,  QT  0.32,  Q  In  I-II  >  2.  descended  below  Isoelectric 

line.  Tj  +  1,  Tjj  +  2,  T^jj  +  3,  T^^^  +  4. 

12  March.  Blood  gases.  Arterial  blood:  oxygen  contenv,  l6.06,^  by 
volume,  CO2  48.785^  by  volume.  Venous  blood;  oxygen  content  6.k7%  by 
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volume,  COp  5^-97^  by  volume.  Arterial  venous  difference  In  oxyr^en 
9.59^  by  volume.  V^nosoarierlal  difference  In  COp  6.9%  by  volume.  Oxy¬ 
gen  capacity  1?.5*  Percentage  saturation  of  arterial  blood  91,  of  ve¬ 
nous  blood  37- 

The  damage  to  the  vascular  structures  In  this  patient,  with  the 
sharply  pronounced  disturban.:^  to  permeability  and  dystonia  can  be  ac¬ 
counted  for  In  terms  of  arterial  hypoxemia  (l6.06^by  volume,  lower 
limit  of  normal  range),  and  by  venous  hypoxemia,  which  Is  undoubtedly 
reflected  In  the  vascular  endothelium  and  endocardium  and  may  serve  as 
an  explu.  '^.tlon  for  the  variety  of  clinical  manifestations  observed  In 
this  patient.  Among  the  3^  endocarditis  patients,  we  ran  blood-gas  com¬ 
position  analyses  on  22  (see  Table  2). 

Investigations  of  the  oxygen  and  carbon  dioxide  contents  In  the 
arterial  and  venous  blood  of  22  patients  out  of  the  total  number  ob¬ 
served  brought  out  changes  In  the  gas  composition  of  the  blood  In  a 
majority  of  them.  These  deviations  could  be  detected  In  both  acute  and 
chronic  forms  of  endocarditis.  However,  a  particularly  Interesting 
point  is  the  decrease  in  the  arteriovenous  oxygen  difference.  Thus,  In 
patient  S-ts,  who  was  suffering  from  acute  endocarditis,  we  noted  a 
decrease  In  the  arteriovenous  oxygen  difference  to  below  4^  by  volume, 
with  an  elevated  oxygen  content  of  l4.8^  In  venous  blood,  an  observa¬ 
tion  suggesting  that  the  utilization  of  oxygen  by  the  organism's  tis¬ 
sues  had  deteriorated. 

In  two  chronic  endocarditis  patients  in  which  the  course  of  tiv 
disorder  was  indeterminate,  we  detected  arterial  hypoxemia,  while  ven¬ 
ous  hypoxemia  was  found  In  three.  Among  the  25  patients  with  chronic 
benign  endocarditis,  we  studied  the  blood  gas  composition  in  17.  In 
this  group,  arterial  hypoxemia  was  detected  In  three  patients,  venous 
hypoxemia  In  five  and  tissue  hypoxemia  in  two. 
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TABLE  2 

Blood  Oases  In  Endocarditis  Patients 


G.M.  Povoiotskaya ,  who  links  hypoxia  to  an  In  tons  ll'i  cat  ion  of  the 
oxydatlve  processes,  makes  reference  to  the  occurrence  of  subacute  hy¬ 
poxia  In  patients  suffering  from  chronic  benign  endocarditis. 

The  observed  cases  of  arterial  hyperoxia  (4  cases)  may  be  regarded 
as  a  compensatory  amplification  of  the  blood’s  respiratory  function, 
and  the  low  arteriovenous  oxygen  difference  (below  by  volume)  may  be 
taken  as  testimony  to  the  presence  of  a  kind  of  anaerobic  type  of  met¬ 
abolism.  This  is  also  suggested  by  the  high  content  of  oxygen  in  the 
venous  blood,  which  sometimes  reaches  15-15^  by  volume. 

The  capillary  damage  detected  in  capillaroscopy ,  the  manifest  al¬ 
buminuria  and  hematuria  and  the  clear-cut  syndrome  of  coronary  insuffi¬ 
ciency  (stenocardia  syndrome)  oblige  us  to  give  special  attention  to 
the  peripheral  vessels.  Functional  changes  in  these  vessels  and  their 
Inadequacy  are  indicated  not  only  by  the  signs  of  vascular  dystonia  and 
capillaritls ,  but  also  by  prominent  signs  of  sometimes  arterial  and 
sometimes  venous  hypoxemia. 

The  variability  observed  in  the  manifestations  of  hypoxemia,  and 
the  way  in  which  its  symptoms  are  aggravated  under  unfavorable  condi- 
tiens,  oblige  us  to  reexamine  the  question  of  exacerbation  of  a  focal 
infection  delivering  bacteria  and  toxic  products  into  the  general  blocj- 
stream.  Even  V.K.  Vysokovlch  (collected  works,  Moscow,  19b4)  showed  in 
his  paper  ”0n  the  Etiology  of  Acute  Endocardltldes "  that  the  presence 
of  bacteria  in  the  blood  is  not  by  Itself  sufficient  for  the  develop¬ 
ment  of  endocarditis;  some  further  irritation  of  the  endocardium  is  al¬ 
so  necessary.  In  our  opinion,  this  factor  might  be  found  in  Increasing 
symptoms  not  only  of  hypoxemia,  but  of  tissue  hypoxia  as  well. 

In  endocarditis  patients,  therefore,  hypoxlc-dystonlc  shifts  may 
play  an  important  role  in  the  pathogenesis,  sometimes  advancing  Intv, 
the  foreground  in  the  clinical  manifestation  of  the  disease. 
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Applicatlcffi  of  a  well-thought-out  medication  program  In  combln^j- 
tlon  with  oxygen  therapy  should  be  regarded  as  pathogenetic  therapy 
whose  object  Is  to  counteract  the  hypoxia  by  activating  oxidation-rvj - 
duction  processes.  This  complex  treatment  has  frequently  resulted  in 
nonnalizatlcxi  of  capillary  permeability,  restoration  of  vascular  tone, 
normalization  of  the  EKQ  and  elimination  of  the  hypoxic  shifts. 


OXYGEN  DEFICIENCY  IN  KITRAL  DISEASE 
B.  A.  Manyako 
(Kiev) 

Investigation  of  gaseous  Interchange  In  man  during  physical  work 
permits  an  objective  and  rather  precise  evaluation  of  the  functional 
state  of  the  cardiopulmonary  complex.  This  Is  done  primarily  by  study¬ 
ing  the  oxygen  deficit,  a  term  first  Introduced  Into  physiology  by  A  V 

Hill,  who  used  It  to  refer  to  the  amount 
by  which  the  oxygen  consumption  during 
the  period  after  cessation  of  work  ex¬ 
ceeds  the  resting  level  (see  figure, 

KCD). 

In  circulatory  Insufficiency 
against  a  background  of  cardiac  failure 
the  magnitude  of  the  oxygen  deficit  Is 
governed  by  the  circulatory  disturbances, 
although  the  compensatory  reserves  of 
the  external  respiratory  apparatus  are 
considerably  greater  and  completely  unutilized  (N.D.  Strazheskly  and 
A. G.  Dembo).  In  such  cases  the  limit  of  the  body's  capacity  for  physi¬ 
cal  work  Is  determined  by  the  functional  reserves  of  the  cardiovascular 
system. 

This  report  Is  Intended  as  a  description  of  the  results  of  a  study 
of  elimination  of  oxygen  deficiency  In  patients  suffering  from  mitral 
disease  with  stenosis  predominating  during  the  performance  of  physical 


Diagram  of  dynamics  of  oxy¬ 
gen  deficit,  after  A.  Hill. 
Explanation  In  text  l)  Be¬ 
ginning  of  stress;  2)  end 
of  stress;  3)  ©2  consump¬ 
tion,  ml;  4)  resting  level; 
5)  time7  min. 


-  411 


work.  Ihe  patients  were  examined  during  preparation  for  operative  in¬ 
tervention  In  connection  with  constriction  of  the  left  aurlculoventrlc- 
ular  opening. 

V 

We  examined  28  individuals,  7  males 
and  21  females.  They  were  distributed  as 
follows  with  respect  to  age:  7  were  from 
16  to  25  years  old,  9  were  from  26  to  35, 

12  were  from  36  to  45,  and  1  was  older 
than  45.  These  patients  Included  6  In¬ 
dividuals  In  the  2nd  stage  of  decoII^)en- 
satlon,  according  to  A. N.  Bakulev's 
classification,  while  10  were  in  the  3rd 
stage  and  12  were  In  the  4th  stage.  We 
Investigated  no  patients  in  the  5^ 
stage,  since  even  minimal  physical 
stress  Is  contraindicated  for  them. 

The  Investigation  was  conducted  un¬ 
der  basal-metaboll sm-measurement  conditions  with  F.  Belau's  apparatus, 
after  the  patient  was  preliminarily  familiarized  with  experimental  set¬ 
up  and  allowed  a  practice  session  on  the  day  before  the  experiment.  We 
used  two  stresses;  a)  a  power  of  40-60  watts  for  patients  In  the  l^t, 

2r^,  and  stages  of  the  disease;  b)  a  power  of  20-30  watts  for  pa¬ 
tients  In  the  ^  and,  primarily,  4^  stages.  We  employed  the  following 
three  tests  to  evaluate  the  extent  of  the  oxygen  deficiency,  l.e.,  the 
magnitude  of  the  oxygen  deficit. 

F.  Belau's  oxygen- deficit  Index,  for  the  so-called  "Erholungs  Quo¬ 
tient"  (rest  quotient"),  expresses  the  ratio  of  the  excess  oxygen  con¬ 
sumption  above  the  resting  level  during  work  to  the  oxygen  deficit  (see 
figure,  ratio  ABCX/DCK).  ^ 


dynamics  of  Elimination  of 
Oxygen  Deficit  as  a  Rinc- 
tlon  of  Stage  of  Disease 
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The  recovery  period  (in  minutes)  corresponds  to  the  elapsed  time 
from  the  beginning  of  the  rest  period  until  the  oxygen  consumption 
drops  to  Its  resting  level,  l.e.,  the  time  required  to  eliminate  the 
oxygen  deficit  (see  figure,  KD). 

Berg's  half-value  time  (In  minutes)  Is  the  sum  of  the  adaptation 
and  recovery  half-periods,  which  characterize  the  ten?)oral  relation¬ 
ships  of  the  con^ensatory  adaptive  reactions.  Ihe  adaptation  half-per¬ 
iod  corresponds  to  the  time  required  for  the  oxygen  consumption  during 
the  Initial  period  of  work  to  reach  half  Its  maximum  value  (see  figure, 
AO).  The  recovery  half-period  Is  related  to  the  restitution  period  and 
refers  to  the  time  required  for  the  maximum  oxygen- consuii^tlon  level  to 
be  halved  (see  figure,  KP). 

We  compared  the  data  obtained  with  hemodynamic  Indices,  the  venous 
pressure  and  flow  race  (ether  and  magnesium  times).  The  tables  show  the 
dynamics  of  these  indices  as  a  function  of  the  stage  of  the  disease. 

As  may  be  seen  from  Table  1,  only  seven  of  the  28  patients  could 
eliminate  their  oxygen  deficit  within  4  min,  the  other  21  exhibiting 
recovery  periods  lasting  more  than  4-5  min.  While  five  of  the  six  In¬ 
dividuals  In  the  2nd  stage  of  the  disease  eliminated  their  oxygen  defi¬ 
cits  within  5  niin,  only  one  taking  longer,  5  of  the  ten  patients  In  the 
3rd  stage  required  more  than  5  minutes  to  cope  with  their  oxygen  defi¬ 
cits  and  only  four  of  the  12  patients  In  the  4th  stage  eliminated  their 
deficits  within  5  ndn,  the  other  eight  accomplishing  this  over  periods 
longer  than  5  min.  Thus,  In  mitral  disease  the  recovery  period  Increas¬ 
es  steadily  as  the  circulatory  insufficiency  progresses. 

In  considering  the  data  In  Table  2  our  attention  Is  struck  by  the 
fact  that  Belau's  oxygen- deficit  index  decreases  regularly  and  steadily 
as  the  circulatory  disturbances  become  more  severe.  This  reflects  an 
Increase  In  the  oxygen  deficit  as  mitral  disease  progresses. 


TABLE  2 

Caparison  of  P.  Balau's  Oxygen- Deficit  Index 
with  Certain  Tests  of  External  Respiration  and 
Hemodynamics 
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l)  Index;  2)  state  of  mitral  stenosis  (according  to  A. N.  Bakulev's 
classification);  3)  limits  of  variation;  4)  mean  value;  5)  F-  Belau's 
oxygen- deficit  index;  6)  absolute  values;  7)  of  proper  value;  8) 
Berg’s  half-value  time  (in  min);  9)  recovery  period  (in  min);  10)  ven¬ 
ous  pressure  (in  mn  HpO);  11)  blood- flow  rate  (in  sec);  12)  magnesium 
tlmp*  13)  ether  time. 

The  temporal  oxygen- deficit  indices  also  deteriorate  In  accordance 
with  the  stage  of  the  disease.  Thus,  the  recovery  period  and  Berg's 
half-value  time  are  markedly  prolonged.  This  may  indicate  both  an  In¬ 
crease  in  the  oxygen  deficit  and  depletion  of  the  con^ensatory  reserves 
for  its  elimination.  The  temporal  indices  were  found  to  be  prolonged  in 
certain  patients  with  a  normal  Belau's  oxygen- deficit  Index;  this  gives 
us  grounds  for  assuming  that  the  former  are  more  sensitive  in  such  cas¬ 
es  and  may  reveal  the  disruption  of  gaseous  Interchange  during  earlier 
phases  of  the  disease. 

By  coii?)arlng  the  oxygen- deficiency  indices  with  the  hemodynamic 
Indices  we  can  correlate  the  changes  in  the  latter  with  the  development 


of  the  disease.  In  addition  to  clinical  differentiation  of  the  patients 
(in  accordance  with  A.  N  Bakulev's  classification),  this  confirms  th-^ 
irregularity  of  the  dynamics  of  the  Indices  which  we  studied  in  mitral 
stenosis  patients,  using  F.  Belau's  method  and  apparatus.  When  the  data 
obtained  were  processed  by  the  statistics  of  variation  they  were  found 
to  be  statistically  reliable.  Analysis  of  the  actual  oxygen- consumption 
graph  is  of  Interest. 

In  a  practically  healthy  individual  (L. ,  case  history  No.  252)  the 
oxygen- consumption  curve  rises  sharply  under  stress,  l.e.,  the  oxygen- 
consumption  level  reaches  its  maximum  within  the  normal  Interval  for 
the  given  stress  (during  the  2nd  minute  in  the  case  in  question);  the 
curve  then  forms  a  smooth  "steady  state"  plateau.  The  oxygen  deficiency 
is  relatively  small,  l.e.,  the  major  portion  of  the  oxygen  demand  is 
satisfied  during  the  actual  period  of  work.  On  cessation  of  the  stress 
the  curve  drops  sharply  to  the  resting  level,  the  oxygen  deficit  being 
small. 

The  pattern  of  oxygen  consumption  under  stress  is  entirely  ulffer 
ent  for  a  patient  with  mitral  stenosis  in  the  3rd  stage  (T-na,  case 
history  No.  2134);  the  curve  rises  very  slowly  and  obliquely  and  reach¬ 
es  its  maximum  after  the  working  period  ends.  A  state  of  dynamic  equil¬ 
ibrium  is  not  reached  and  the  oxygen  deficiency  is  great.  The  oxygen 
consumption  during  the  first  five  minutes  of  rest  exceeds  that  during 
the  five-minute  stress  period.  The  maximum  oxygen- consumption  level  is 
appreciably  reduced. 

The  third  curve  represents  a  patient  suffering  from  combined  mitral 
failure  with  stenosis  not  predominant  (T-ko  case  hJ.story  No.  2248).  Our 
attention  is  struck  by  the  high  oxygen- consumption  level.  The  curve 
rises  rapidly  and  steeply  under  stress,  but  there  is  no  "steady  state" 


CONCLUSIONS 


1.  Use  of  P.  Belau's  apparatus  broadens  our  opportunities  for 
clinical  study  of  gaseous  Interchange. 

2.  Belau's  oxygen- deficit  Index  decreases  markedly  and  the  recov¬ 
ery  period  and  Berg's  half- value  time  Increase  steadily  after  the  de¬ 
velopment  of  circulatory  Insufficiency  In  mitral  aisease.  These  Indi¬ 
ces  are  an  objective  test  for  evaluation  of  the  functional  state  of  the 
cardiopulmonary  complex. 

3.  Investigation  of  the  oxygen  deficit  by  splrographlc  study  of 
gaseous  Interchaiige  under  physical  stress  may  be  used  for  differential 
diagnosis  of  cardiac  failure. 
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OXYGEN  DEFIENCY  AS  AN  INDEX  OP  HYPOXIA  DURING  THE  EARLY  STAGES 

OF  HYPERTONIA 
D.  A.  Nuzhnyy 
(Kiev) 

A  disruption  of  gaseous  Interchange  Is  one  of  the  characteristics 
of  the  pathogenesis  of  hypertrnla.  In  some  of  the  patients  In  the  first 
stage  of  hypertonia  whom  they  examined  F.  Ya.  Prlmak,  A.  G.  Dembo,  M.S. 
Zanozdra,  V. P.  Bezuglyy,  and  other  authors  have  obtained  data  which  In¬ 
dicate  a  certain  decrease  In  external-respiration  Indices;  this  de¬ 
crease  frequently  Is  manifested  In  arterial  and  venous  hypoxemia,  a 
change  In  basal  metabolism,  and  an  Increase  In  tissue  oxygen  demand. 

However,  the  oxygen  deficiency  of  patients  In  the  early  stage  of 
hypertonia,  which  cannot  always  be  detected  by  ordinary  methods,  has 
not  been  sufficiently  well  Investigated.  Despite  the  laboriousness  of 
such  research,  V. P.  Bezuglyy  and  N. S.  Zanozdra  used  physical  stresses 
and  a  slightly  modified  Douglas- Holden  apparatus  to  detect  late  elimin¬ 
ation  of  oxygen  deficiency.  These  authors  did  not  have  the  facilities 
for  making  a  continuous  gas  analysis  and  consequently  conducted  such 
analysis  only  at  discrete,  rather  long  Intervals  during  the  Investiga¬ 
tion. 

Considering  the  Importance  of  and  lack  of  research  on  this  problem, 
we  devoted  ourselves  to  an  Investigation  of  the  oxygen  deficiency  In 
patients  with  first-stage  hypertonia,  using  an  Improved  gas-analysis 
apparatus.  We  employed  the  Belau  apparatus,  In  which  the  chemical  prin¬ 
ciples  of  prior  equipment  are  superceded  by  electrophysical  principles, 
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which  insures  highly  (i;,nanilc  observations  and  continuous  recordin^i  or 
oxygen  consui^tlon  and  carbon  dioxide  elimination  In  the  exhaled  air. 

It  is  well  known  that  one  of  the  methods  for  functional  evaluation 
of  the  circulatory  and  respiratory  apparatus  Is  Investigation  of  gaseous 
Interchange  and  the  manner  In  which  It  varies  under  stress  (N.  D.  Stra- 
zhesko,  V.  Kh.  Vasilenko,  N. A.  Kurshakov,  V.  R.  Mirashko,  Khrbst,  Eppln- 
ger,  Lindkhard,  Krog,  et  al. ). 

As  the  physical  stress  we  used  Bexau's  single- step  test  (20  as¬ 
cents  and  descents  per  minute  for  5  minutes,  with  a  step  height  of  20 
cm). 

We  examined  95  persons:  20  healthy  Individuals  (the  control  group) 
and  75  first-stage  hypertonia  patients  (according  to  the  classification 
of  the  Ministry  of  Health  USSR).  Of  the  healthy  Individuals  16  were 
males  and  4  females;  62  of  the  patients  were  males  and  13  females.  Both 
groups  were  uniform  with  respect  to  age. 

The  examination  of  the  Belau  apparatus  was  conducted  on  an  empty 
stomach,  after  the  subject  was  made  to  remain  In  a  horizontal  position 
for  no  less  than  45  minutes.  The  Investigation  was  conducted  with  the 
subject  In  a  sitting  position  and  a  stress  period  of  5  minutes,  the 
subject  then  remaining  seated  until  his  oxygen  deficiency  was  complete¬ 
ly  eliminated  (5-15  minutes). 

The  following  Indices  were  used  to  evaluate  the  extent  of  the  oxy¬ 
gen  deficiency:  time  required  to  eliminate  oxygen  deficiency  (TEOD), 
Belau’s  recovery  coefficient  (RC),  Berg's  adaptf.tlon  half- value  (AHV), 
the  onset  time  of  maximum  oxygen  consuii5)tlon  under  stress  (OTMOC),  and 
the  onset  time  of  the  decrease  in  maximum  oxygen  consumption  during  the 
recovery  period  (TDMOC). 

The  following  data  were  obtained  for  the  healthy  individuals:  time 
required  to  eliminate  oxygen  deficiency  -  2. 1-3- 6  minutes  (up  to  4 
minutes  according  to  Belau's  data),  recovery  coefficient  -  2.46-4.20 
(2. 5-3. 6  according  to  Belau),  adaptation  half- value  -  1.93-2.70  min¬ 
utes  (2.13-2.41  minutes  according  to  Belau),  onset  time  of  maximum  oxy¬ 
gen  consunqptlon  under  stress  -  2. 1-3* 5  minutes,  and  onset  time  of  de- 
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crease  in  raaxlraum  oxygen  consumption  during  recovery  period  -  0-0.  St> 
minutes. 

Repeated  examination  of  healthy  persons  over  a  period  of  two  years 
convinced  us  of  the  consistency  of  the  aforementioned  tests.  We  com¬ 
pared  the  data  obtained  In  examining  the  75  first- stage  hypertonia  pa¬ 
tients  and  the  20  healthy  Individuals  with  the  normal  values  which  we 
obtained  and  the  data  cited  by  ?.  Belau  (see  table). 

As  may  be  seen  from  the  table,  the  time  required  to  eliminate  the 
oxygen  deficiency  was  normal  In  19  of  the  healthy  persons  and  longer 
than  4  minutes  in  one.  Of  the  75  pacients  21  eliminated  their  oxygen 
deficiencies  within  the  normal  interval,  while  54  (or  more  than  2/3  of 
the  total  number)  required  more  than  4-6-8  minutes,  certain  of  them 
even  taking  until  the  13th  minute,  well  into  the  recovery  period. 

A  very  important  Index  for  appraising  oxygen  deficiency  is  the  re¬ 
covery  coefficient.  It  expresses  the  ratio  of  the  excess  oxygen  con¬ 
sumption  during  the  stress  period  to  the  oxygen  consumption  during  the 
rest  period.  Normal  RC  values  were  noted  in  l8  of  the  20  healthy  indiv¬ 
iduals,  this  index  being  slightly  below  normal  in  the  other  two.  Of  the 
75  patients  examined  only  19  exhibited  normal  values,  56  yielding  de¬ 
pressed  indices 

The  adaptation  half- value  (the  sum  of  the  adaptation  half-period 
under  stress  and  the  recovery  half-peiiod,  which  characterize  the  tem¬ 
poral  relationships  of  the  adaptive  reactions)  were  normal  in  17  of  the 
healthy  individuals,  being  slightly  elevated  in  three.  Normals  values 
were  obtain  for  28  of  the  patients,  while  47  exhibited  considerably 
elevated  values. 

The  onset  time  of  maximum  oxygen  consumption  under  stress,  which 
reflects  the  rapidity  with  which  adaptive  mechanisms  are  activated  and 
the  extent  of  acclimatization  to  stress,  proved  normial  In  I6  of  the  20 
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Results  of  Investigation  of  Oxy¬ 
gen  Deficiency  in  20  Healthy  In¬ 
dividuals  and  75  Pa^’lents 
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l)  Oxygen-deficiency  indices;  2)  values  and  range  of  variation;  3) 
healthy  individuals;  4)  first -stage  hypertonia  patients;  5)  number  of 
subjects;  6)  time  reaulred  for  elimination  of  oxygen  deficiency;  7)  re¬ 
covery  coefficient;  o)  adaptation  half- value;  9)  onset  time  of  maximum 
oxygen  consuiig)tlon  under  stress;  10}  onset  time  of  decrease  in  maximum 
oxygen  consumption  during  recovery  period;  11)  min;  12}  less  than;  13} 
more  than. 
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healthy  individuals  and  in  30  of  the  patients.  This  index  was  retarded 
in  45  patients;  the  onset  time  of  maximum  oxygen  consun^tlon  occurred 
later  than  3-5  minutes  and  even  extended  into  the  beginning  of  the  re¬ 
covery  period  in  certain  patients. 

The  onset  time  of  the  decrease  in  maximum  consumption  after  cessa¬ 
tion  of  stress  differed  in  the  healthy  individuals  and  the  first- stage 
hypertonia  patients:  in  the  healthy  individuals  approximately  0.1  min¬ 
ute  was  required  for  the  onset  of  the  decrease  in  maximum  oxygen  con¬ 
sumption  after  physical  stress,  while  a  considerably  longer  period 
(0.44  min}  was  necessary  in  the  patients. 

For  ease  of  visualization  we  will  give  a  graph  of  the  oxygen- con- 
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Graph  of  oxygen  consumption  In  healthy  individuals  and  first-stage  hy¬ 
pertonia  patients,  a)  In  resting  state;  b)  under  stress;  c)  during  rest 
The  mean  values  in  the  first  column  are  for  the  healthy  Individuals  .r/j 
those  in  the  second  column  are  for  the  patients,  l)  Mean  values;  k)TEOi' 
3)  RC;  4)  OTMOC;  5)  TEMOC  6 )  ^  0^  consumption;  7)  patients;  6)  healthy 
individuals;  9)  ime,  min. 


sumption  curves  under  stress  and  during  the  recovery  period  for  healthy 
individuals  and  first-stage  hypertonia  patients.  Mean  values  of  the 
following  oxygen- deficiency  indices  are  utilized:  TEGD,  RC,  OTMOC,  and 
TDMOC  (see  figure). 

In  analyzing  the  oxygen- consumption  graph  for  the  healthy  indivi¬ 
duals  it  may  be  noted  that  the  Increase  in  oxygen  consumption  under 
stress  occurs  rather  rapidly  and  that  the  consumption  reaches  its  maxi¬ 
mum  after  an  average  of  2.93  niJn  from  the  beginning  of  the  functional 
test.  Beginning  on  cessation  of  the  stress  or  0.1  min  thereafter  the 
oxygen- consumption  maximum  decreases  until  the  oxygen  deficiency  is 
completely  eliminated,  which  requires  an  average  of  3-05  minutes.  This 
indicates  that  the  healthy  organism  reacts  well  to  the  Increased  oxygen 
demand  during  physical  stress,  the  oxygen  deficit  being  rapidly  elim¬ 
inated  over  a  brief  recovery  period. 

Oxygen  consumption  under  stress  is  slower  in  first- stage  hyperton¬ 
ia  patients  than  in  healthy  individuals,  the  maximum  consumption  being 
reached  at  4.1  min.  The  maximum  oxygen  consumption  remains  high  into 
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the  first  few  minutes  of  rest  and  then  gradually  decreases,  the  oxygen 
deficiency  being  eliminated  far  later  than  in  healthy  individuals. 

The  adaptive  reactions  of  the  cardiovascular  and  pulmonary  cystemi; 
apparently  react  less  completely  to  the  demands  made  on  the  organism 
and  supply  oxygen  later  in  first- stage  hypertonia  patients  than  in 
healthy  persons.  Thus,  the  oxygen  deficiency  and  the  late  ellmlnatlcr. 
of  this  deficiency  exhibited  by  patients  in  the  early  stages  of  hyper¬ 
tonia  may  indicate  the  existence  of  hypoxia  in  the  organism.  The  use  of 
physical  stress  and  Belau's  apparatus  reveals  these  hypoxic  shifts  in  a 
larger  number  of  patients  than  do  ordinary  methods. 

It  must  be  assumed  that  the  number  of  first- stage  hypertonia  pa¬ 
tients  in  whom  hypoxic  shifts  occur  is  considerably  greater  than  was 
previously  supposed  and  that  hypoxia  occupies  an  Important  place  in  the 
pathogenesis  of  hypertonia.  Rational  measures  Intended  to  prevent  oxy¬ 
gen  deficiency  serve  as  pathogenetic  therapy  in  the  early  stage  of  hy¬ 
pertonia. 
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MECHANISMS  OF  THE  I^VELOPMENT  OF  HYPOXIA  IN  CARDIOVASCULAR 


DISEASES 

V.  D.  Mel  'nichenko 
(Kiev) 

H3rpoxla  may  develop  in  the  organism  under  the  actlor  of  many  exter¬ 
nal  and  internal  factors.  It  accompanies  the  majority  of  pathological 
processes  and  morbid  conditions. 

Disruptions  of  pulmonary  diffusion  processes  play  a  large  role  in 
studying  tbe  pathogenetic  mechanisms  underlying  the  development  of  the 
oxygen- deficiency  syndrome.  The  functional  properties  of  the  lungs  as 
organs  of  gaseous  Interchange  result  fr^om  certain  of  their  structural 
characteristics:  the  lung  is  an  organ  in  which  the  specifically  func¬ 
tioning  con?)onent  of  the  parenchyma  is  a  vascular-capillary  system.  All 
other  con5)onents  of  the  pulmonary  tissue  serve  only  to  supplement  the 
basic  functional  unit  -  the  pulmonary  alveolus.  Pollkar  is  quite  cor¬ 
rect  that  the  lung  of  a  mature  individual  is  a  vascular-capillary  organ 
whose  functional  unit  is  the  alveolus.  The  alveolar  wall  serves  as  a 
barrier  between  the  alveolar  air  and  the  blood,  its  condition  being  one 
of  the  factors  governing  normal  gaseous  Interchange  in  pulmonary  ven¬ 
tilation.  Disturbance  of  this  barrier  cannot  but  affect  external  res¬ 
piration  and  lead  to  the  development  of  pathological  conditions  in  the 
pulmonary  tissue  and  of  the  oxygen-deficiency  syndrome.  This  problem 
received  little  attention  in  the  literature  until  recently. 

That  portion  of  the  alveolar  septum  which  lies  in  the  gas-dlffu- 
slon  path  during  arterlallzatlon  of  the  blood  must  be  assumed  to  be  th^ 


morpholo^cal  siibstrate  of  the  alveolar-capillary  barrier.  In  an  adult 
under  nomal  conditions  the  meiid>rane-llke  septum,  which  consist:--  prl- 
mEirlly  of  noncellular  structures,  is  0.3  to  2  microns  thick  (according; 
to  the  data  of  Polikar,  Khayyek,  et  al.  ).  It  contains  a  very  thin  pro¬ 
toplasmic  layer  of  alveolar  epithelium  approximately  0.2  micron  thick, 
situated  on  the  basal  membrane  and  the  capillary  wall.  The  septal  tis¬ 
sue  contains  a  network  of  argentophil  fibers.  Intertwining  capillaries, 
and  a  few  elastic  fibrils. 

Khayyek  believes  that  the  alveolar-capillary  membrane  Is  a  soft 
elastic  gelatinous  mass  in  vivo.  It  Is  understandable  that  any  patho¬ 
logical  process  which  results  in  a  decrease  in  the  permeability  of  this 
membrane  considerably  reduces  the  penetration  of  oxygen  from  the  alveo¬ 
lar  air  into  the  blood.  It  must  be  emphasized  that  in  such  cases  the 
alveolar-ci^illary  gradient  Increases  primarily  with  respect  to  oxygen. 
Ihe  content  of  carbon  dioxide,  which  diffuses  substantially  more  easily, 
may  remain  normal  or  even  be  somewhat  reduced  because  of  dyspnea. 

In  1931  Austrian  and  NacClement  suggested  Introduction  of  the  cerm 
"alveolar-capillary  blocking"  to  characterize  the  pathological  state  of 
pulmonau:^  ventilation  in  which  the  alveolar- capillary  membrane  Is  con¬ 
siderably  thickened  as  a  result  of  pathological  processes  In  the  lungs. 

The  alveolar- capillary  blocking  syndrome,  which  Is  distinguished 
by  characteristic  clinical  symptoms,  has  no  single  etlolo''^’.  Causltlve 
factors  may  Include  the  so-called  primary  o-^  primitive  Interstitial 
pulmonary  scleroses:  Hanman- Rich's  disease,  the  chronic  diffuse  fibro¬ 
sis  described  by  Seeding,  and  the  pulmonary  elastoflbrosls  with  plasma¬ 
cell  reaction  discovered  by  Walford  and  L.  Kaplan. 

It  must  be  iK}ted  that  the  first  two  forms  differ  only  In  the  rap¬ 
idity  with  which  their  symptoms  develop;  many  of  their  characteristics 
are  pathologoanatomically  similar  and  the  literature  consequently  con- 


tains  no  uniform  opinion  on  the  wisdom  of  cilffr r-crntiatine  these  two 
diseases.  While  Sors,  Bour-DuClerc,  and  others  believe  it  possible  to 
differentiate  them,  Vcinek,  Bruye  etal. ,  and  others  speak  only  of  dif¬ 
ferent  clinical  forms  of  Hamman- Rich's  disease. 

In  addition  to  these  (so  to  speak)  primary  pulmonary  scleroses  the 
alveolai- capillary  blocking  syndrome  may  also  Include  a  large  group  of 
pneumopathlae  Involved  in  a  whole  series  of  general  diseases:  certain 
infectious  conditions,  miliary  carcinomatosis  and  tuberculosis,  all 
pneumoconeoses  (especially  berylliosis  and  asbestosls),  reticulosis, 
collagenosls,  damage  to  the  lungs  resulting  from  radiotherapy  and  roent¬ 
genotherapy,  and  brownlnduratlon  of  the  lungs  in  congestion.  In  certain 
of  these  cases  the  disease  affects  primarily  the  lungs  (pneumoconioses, 
pulmonary  x-ray  fibroses),  while  in  others  there  is  only  a  local  mani¬ 
festation  of  a  general  disease.  The  pathologohlstological  changes  v;hlch 
occur  in  all  forms  of  the  alveolar-capillary  blocld.ng  syn-'j^ome  have 
common  traits  and  are  characterized  by  thickening  of  the  septal  tissue 
and  development  of  fibrous  tissue  in  the  septum;  this  is  occasionally 
accompanied  by  appearance  of  excess  elastic  fibrils,  simultaneous  de¬ 
generation  of  these  structures,  and  changes  in  the  morphology  of  the 
alveolar  epithelium.  The  development  of  fibrous  tissue  in  the  alveolar 
septa  must  be  assumed  to  be  the  basic  process.  It  must  be  supposed  that 
the  changes  in  epithelial  morphology,  which  Involve  the  appearance  of 
layers  of  characteristic  cubic  cells  lining  the  inside  wall  of  the  al¬ 
veolus,  develop  secondarily,  as  a  result  of  cessation  of  gaseous  inter¬ 
change  in  the  alveolus.  The  dependence  of  the  morphology  of  the  alveo¬ 
lar  epithelium  on  the  state  of  the  septal  tissue  was  pointed  out  in  the 
older  works  of  V. G.  Garshin,  L. M,  Shabad,  and  many  others. 

Vlk-iyupon  and  his  colleagues  cite  still  another  factor  which  in¬ 
fluences  oxygen- diffusion  processes,  a  factor  associated  with  the  ob- 
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structlon  created  In  the  alveolus  itself  when  its  lumen  contains  hyalin 
membranes  which  fit  ti^tly  against  the  alveolar  wall.  Hyalin  membranes 
are  encountered  rather  frequently  In  the  lungs,  but  their  pathogenesis 
Is  not  known.  Rosen  and  Castelman  believe  that  their  sq)pearance  results 
from  a  protein  dlstxirbance  which  they  call  "alveolar  proteinosis. ” 

In  sumnarlzlng  the  data  In  the  literature  It  must  be  noted  that 
the  predominant  role  of  disruption  of  pulmonary  diffusion  processes  Is 
of  very  great  clinical  iB?)ortance  as  the  basis  of  hypoxia,  although  It 
unfortunately  does  not  always  receive  proper  attention.  This  factor  Is 
of  especially  great  significance  in  cardiovascular  diseases  Involving 
chronic  circulatory  disturbances. 

Congestive  phenomena  may  of  themselves  cause  the  development  of 
tissue  hypoxia.  Congestive  phenomena  in  the  pulmonary  circulatory  sys¬ 
tem  are  of  special  ln5)ortance  in  cardiac  affections,  since  there  is  not 
a  single  organ  whose  functioning  does  not  depend  on  that  of  both  the 
heart  and  the  lungs,  the  latter  being,  as  we  have  already  point  out, 
essentially  a  vascular- caplllax^  organ  whose  parenchyma  Is  a  capillary 
system.  Uhls  is  also  the  reason  why  patients  with  cardiovascular  affec¬ 
tions  do  not  always  die  of  actual  cardiac  damage,  but  frequently  of  the 
sequelae  of  the  circulatory  disturbance  which  occurs  In  the  lungs  when 
the  alveolar-caplllau^y  blocking  syndrome  develops. 

We  have  been  occupied  for  a  number  of  years  In  studying  the  chang¬ 
es  which  occur  In  the  lungs  In  cardiac  diseases  and  have  detected  a 
number  of  unusual  changes  In  the  noncellular  structures  which  permit 
more  precise  determination  of  the  character  of  the  process  which  takes 
place  in  the  pulmonary  tissue.  It  must  be  pointed  out  that  pulmonary 
pathology  Is  distinguished  by  extreme  diversity.  The  reactive  reserves 
of  the  pulmonary  tissue  are  very  great.  Wiis  results  from  the  fact  that 
in  addition  to  gaseous  Interchange  the  lungs  of  cardiac  patients  exhl- 
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bit  quite  marked  protective  and  barrier  functions,  these  being  neces¬ 
sary  to  iii5)ede  thevarious  foreign  detrimental  agents  which  enter  them 
with  the  inhaled  air. 


In  cardiovascular  diseases  involv¬ 
ing  chronic  pulmonary  circulatory  dis¬ 
turbance  and  active  rheumatism  all  the 
necessary  conditions  are  created  for  the 
development  of  a  pulmonary  pathological 
process  which  ultimately  leads  to  the 
ievelopment  of  alveolar-capillary  block¬ 
ing. 

On  the  basis  of  reports  that  the 
noncellular  structures  must  be  assigned 
the  basic  role  in  permeability  and  dif¬ 
fusion  (Arnold,  Chambers,  Smirnova- Zam¬ 
kova,  Mogll 'nitskiy,  and  many  others). 


Fig.  1.  Thickened  alveolar 
septa  consist  of  a  large 
number  of  dilated  capillar¬ 
ies  running  in  different 
directions.  The  capillary 
walls  are  consolidated. 
Silver  staining  by  Fuji's 
method. 


we  turned  our  primary  attention  to  this 
component  cf  the  pulmonary  tissue,  espec¬ 
ially  since  the  cellular  reactions  of 
the  lungs  in  pulmonary  congestion  have 
already  been  sufficiently  well  studied  (A. I.  Abrikosov,  F. Ye.  Ageychen- 
ko,  N.A.  Krayevskly,  N. A.  Maksimovich,  Tseyelen,  Tanaka,  Kllnge,  Shyur- 
man,  and  many  others). 

Study  of  the  noncellular  structures  of  the  lungs  enables  us  to  gt i 
a  clearer  idea  of  the  changes  in  the  capillary  membranes  and  connective- 
tissue  structures  in  the  alveolar  septa  and  to  determine  the  pathogen¬ 
etic  links  of  the  morphological  substrate  of  alveolar-capillary  block¬ 
ing. 


As  is  well  known,  in  cardiac  diseases  accompanied  by  pulmonary 
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congestion  one  obseirves  consolidation  of  the  pulmonary  tissue  and  dev¬ 
elopment  of  brown  Induration,  the  latter  being  detected  microscopically 
as  thickening  of  the  septal  tissue. 


Fig.  2.  Development  of  fi¬ 
brous  tissue  in  alveolar 
septa.  Dilated  thln-walled 
capillaries  filled  with 
blood  may  be  seen  at  the 
boundary  of  the  alveolar 
lumen.  Hematoxylln-eosln. 


It  may  clearly  be  seen  from  our 
material  that  thickening  of  the  alveolar 
septum  is  not  Itself  sufficient  grounds 
for  speaking  of  the  existence  of  alveo¬ 
lar-capillary  blocking.  When  such  sec¬ 
tions  are  silver- Impregnated  or  treated 
by  other  methods  to  show  the  condition 
of  the  noncellular  structures  (periodate 
staining  by  Schlff's  method,  hematoxylin 
staining  by  Mallory's  method)  It  Is 
found  that  in  a  number  of  cases  this 
septal  thickening  consists  of  a  large 
number  of  dilated  capillaries  running  in 
different  directions,  their  walls  lying 
directly  against  the  alveolar  lumen 
(Fig.  l).  We  naturally  cannot  speak  of 
alveolar-capillary  blocking  in  such  cas¬ 


es.  We  have  never  seen  alveolar  epithelium  In  the  form  of  cubic  cells 


located  near  the  alveolar  walls  In  these  Instances. 


In  other  cases  the  tissue  of  the  alveolar  septum  consisted  of  a 
large  number  of  connective- tissue  fibers  among  which  capillary  lumens 
could  be  seen  only  rarely.  The  capillaries  lay  at  a  great  distance  from 
the  alveolar  lumen.  Groups  or  layers  of  cubic  alveolar-epithelial  cells 
were  usually  arrayed  along  the  wall  of  the  lumen  In  these  cases.  We 
maintain  that  only  such  manifestations  of  the  pathological  process  In 
the  alveolar  septa  can  be  designated  as  the  morphological  substrate  of 
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alveolar-capillary  blocking. 

In  a  number  of  cases  the  thickened  alveolar  septum  consisted  of 
Individual  connective-tissue  fibers,  the  capillaries  running  at  random 
thirough  the  septal  tissue.  In  such  seemingly  far-reaching  fibroses  In¬ 
tertwined  tangles  of  capillaries  filled  with  blood  can  frequently  be 
seen  along  the  edge  of  the  septum  bordering  on  the  alveolar  lumen.  The 
walls  of  such  capillaries  are  thin  and  their  lumens  are  greatly  .mated 
(Figs.  2  and  3)-  Similar  tangles  of  capillaries  may  occasionally  be 
seen  even  In  the  walls  of  the  bronchioles.  There  are  Indications  In  the 
works  of  Pollkar,  Kiiayyek,  and  others  that  the  anastomoses  between  the 
pulmonary  and  bronchial  arteries  are  exposed  when  the  lungs  are  conges¬ 
ted  and  the  pulmonary  blood  pressure  is  elevated.  Considering  this.  It 
may  be  supposed  that  the  bronchial  capillaries  described  above  may 
function  In  gaseous  Interchange. 

Three  processes  may  thus  be  distinguished  In  the  changes  which  v.'e 
have  described  In  the  lungs  In  cardiovascular  diseases. 

1.  Dilatation  and  multiplication  of  the  alveolar  capillaries;  in 
this  cate  we  must  take  Into  account  the  fact  that  not  all  of  the  alveo¬ 
lar  capillaries  are  exposed  under  normal  conditions  of  gaseous  Inter¬ 
change.  According  to  Pollkar,  the  compensatory  reserves  of  the  alveolar 
capillaries  are  so  great  that  If  all  the  capillary  loops  of  the  alveo¬ 
lar  septum  are  exposed  they  can  dilatate  to  four- five  times  their  or¬ 
dinary  size  and  reach  the  width  of  the  alveolar  lumen. 

2.  The  development  of  connective  tissue  In  the  septal  tissue  must 
In  all  probability  be  attributed  to  manifestations  of  an  allergic  in- 
flanimatory  process  developing  In  the  presence  of  the  chronloseptic  pro¬ 
cess  characteristic  of  rheumocardltls.  It  Is  this  process  which  Is  ap¬ 
parently  basic  to  the  development  of  alveolar-capillary  blocking. 

3.  Compensatory  hyperplasia  of  the  capillary  network  at  the  sur- 


alveolar-capillary  blocking. 

In  a  number  of  cases  the  thickened  alveolar  septum  consisted  ol‘ 
Individual  connective-tissue  fibers,  the  capillaries  running  at  random 
tl-irough  the  septal  tissue.  In  such  seemingly  far-reaching  fibroses  In¬ 
tertwined  tangles  of  capillaries  filled  with  blood  can  frequently  be 
seen  along  the  edge  of  the  septum  bordering  on  the  alveolar  lumen.  The 
walls  of  such  capillaries  are  thin  and  their  lumens  are  greatly  dilated 
(Figs.  2  and  3)*  Similar  tangles  of  capillaries  may  occasionally  be 
seen  even  in  the  walls  of  the  bronchioles.  There  are  Indications  In  the 
works  of  Pollkar,  Kiiayyek,  and  others  that  the  anastomoses  between  the 
pulmonary  and  bronchial  arteries  are  exposed  when  the  lungs  are  conges¬ 
ted  and  the  pulmonary  blood  pressure  is  elevated.  Considering  this.  It 
may  be  supposed  that  the  bronchial  capillaries  described  above  may 
function  In  gaseous  Interchange. 

Three  processes  may  thus  be  distinguished  In  the  changes  which  we 
have  described  In  the  lungs  In  cardiovascular  diseases. 

1.  Dilatation  and  multiplication  of  the  alveolar  capillaries;  in 
this  cate  we  must  take  Into  account  the  fact  that  not  all  of  the  alveo¬ 
lar  capillaries  are  exposed  under  normal  conditions  of  gaseous  Inter¬ 
change.  According  to  Pollkar,  the  compensatory  reserves  of  the  alveolar 
capillaries  are  so  great  that  If  all  the  capillary  loops  of  the  alveo¬ 
lar  septum  are  exposed  they  can  dllatate  to  four- five  times  their  or¬ 
dinary  size  and  reach  the  width  of  the  alveolar  lumen. 

2.  The  development  of  connective  tissue  in  the  septal  tissue  must 
in  all  probability  be  attributed  to  manifestations  of  an  allergic  in- 
flanimatory  process  developing  In  the  presence  of  the  chronloseptlc  pro¬ 
cess  characteristic  of  rheumocardltis.  It  Is  this  process  which  Is  ap¬ 
parently  basic  to  the  development  of  alveolar-csp  Illary  blocking. 

3-  Compensatory  hyperplasia  of  the  capillary  network  at  the  sur- 
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face  of  the  fibrous  filan^ntG  where  the 
septal  tissue  comes  into  contact  with 
the  alveolar  air. 

\ 

The  conjunction  of  these  processes 
creates  a  rather  variegated  pattern  of 
changes  in  the  pulmonary  tissues.  The 
extent  of  alveolar-capillary  blocking 
differs  in  accordance  with  whether  the 
capillary-multiplication  processes  char¬ 
acteristic  of  congestive  phenomena  or 
the  Inflaaanacory  reaction  which  develops 
in  the  sepca  is  dominant. 

We  may  thus  assume  that  the  inten¬ 
sity  of  the  hypoxic  phenomena  associated 
with  disruption  of  oxygen  diffusion  in 
the  lungs  depends  to  a  greater  extent  on 
the  development  of  the  chronic  inflamma¬ 
tory  process  in  the  tissues  of  the  alve¬ 
olar  septa  and  the  appearance  of  numerous  connective-tissue  fibers  in 
them  than  on  tte  congestive  phenomena;  when  the  latter  are  present 
there  ai?e  actual  resei*ve8  for  compensating  the  process,  these  taking 
the  form  of  dilatation  of  a  considerable  number  of  capillary  loops. 

However,  it  would  be  incorrect  to  assert  that  the  congestive  phen¬ 
omena  have  no  influence  whatsoever  on  the  condition  of  the  alveolar- 
capillary  membrane.  In  far-reaching  cases  of  congestion  severe  consoli¬ 
dation  of  the  argentophil  membranes  of  the  alveolar  capillaries  devel¬ 
ops,  this  being  accon5)anled  by  marked  symptoms  of  polysaccharide  poly- 
raerliiatlon  and  further  collagenlzatlon  of  the  capillary  membranes, 
which  leads  to  a  considerable  decrease  in  the  permeability  of  the  mem- 
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Pig.  3.  Development  of  fi¬ 
brous  tissue  in  the  alveo¬ 
lar  septa.  The  same  process 
on  silver  inpregnatlon.  The 
septal  tissue  consists  of 
argentophil  fibrils.  Capil¬ 
lary  loops  may  be  seen  at 
the  boundary  with  the  alve¬ 
olar  lumen. 


branes  and  a  deterioration  of  oxygen  diffusion. 

In  addition  to  all  these  changes  in  the  alveolar  septa  during  ti.e 
development  of  alveolar- capillary  blocking  we  cannot  fail  to  take  into 
account  the  vascular  changes,  the  productive  throrabovasculltls  des¬ 
cribed  in  our  previous  works,  which  indirectly  affect  the  state  of  pul¬ 
monary  circulation  and  alveolar- capillary  permeability. 


THE  DISRUPTION  OF  CARBON  DIOXIDE  INTERCHANGE  IN  CHRONIC  ff/PO/IA, 

ITS  PATHOGENESIS  AND  MODES  OF  TREATMENT 
S.N.  Sorlnson 
(Gor'kiy) 

The  relationship  between  0^  and  CO^  Interchange  was  eotabliohed  In 
the  investigations  of  I.M.  Sechenov,  1 . F.  Verlgo,  K.  Bor,  and  J.  Hal¬ 
dane.  Nevertheless,  sufficient  account  has  not  been  taken  of  it.  In 
clinical  practice  0^  deficiency  is  paid  extraordinary  attention  in  hy¬ 
poxic  conditions;  the  disruption  of  CO^  interchange  which  develop  in 
hypoxia  are  frequently  underestimated.  This  leads  to  a  somewhat  one¬ 
sided  and  occasionally  unwise  procedure  for  setting  up  therapeutic  mea¬ 
sures. 

Ihis  report  is  devoted  to  an  analysis  of  the  disruptions  of  CO^ 
interchange  which  occur  in  chronic  hypoxia  of  pulmonary  etiology.  It  is 
based  on  the  results  of  examination  of  264  patients  with  pneumosclero¬ 
sis  involving  2nd-  and  3rd- degree  respiratory  insufficiency.  Together 
with  the  clinical  data,  the  fact  that  these  patients  were  suffering 
from  oxygen  starvation  was  confirmed  by  establishment  of  arterial  hy¬ 
poxemia,  Using  direct  gas  analysis  in  a  Van  Slyke  apparatus. 

The  disruption  of  CO^  Interchange  was  revealed  on  determination  of' 

C 

the  COo  content  of  the  arterial  blood.  The  mean  arterial  CO^  content 
for  healthy  subjects  was  44.4  +  1.2%  by  volume,  the  range  of  variation 
being  40.0-47.1^  by  volume.  The  majority  of  the  patients  examined  (162 
of  264)  exhibited  hypercapnia.  The  mean  CO^  content  of  the  arterial 
blood  was  50*8  +  7*55^  by  volume.  The  CO2  content  frequently  (in  20  pa- 


tlents)  reached  64.0-75-056  by  .olmne. 

Similar  results  were  obtained  on  ln»^estlgatlon  of  the  alveolar  air. 
The  alveolcir  pCO^  for  the  control  group  (22  Individuals)  was  40.1  + 

+  2.  88  nm  Hg.  The  alveolar  PCO2  was  greater  than  43.0  in  the  majority 
of  the  patients  (66  of  105)  and  reached  55- 0-70-0  am  Hg  in  many  (32)- 

Analysls  of  the  causes  of  this  accumulation  of  CO^  was  of  definite 
Interest-  It  Is  customarily  assumed  In  the  foreign  literature  that  CO^ 
interchainge  is  disrupted  only  In  the  terminal  stage  of  respiratory  In¬ 
sufficiency,  during  the  development  of  pulmonary  hypoventilation-  This 
corresponds  to  agonal  respiratory  Insufficiency  In  Rossi’s  terminology. 
According  to  our  data,  CO2  elimination  is  disrupted  at  an  earlier  stage. 
Thus,  the  CO2  content  of  the  arterial  blood  exceeded  48^  by  volume  In 
half  (98  of  189)  of  the  patients  with  second- stage  respiratory  insuf¬ 
ficiency.  The  minute  respiratory  volume  not  only  failed  to  decrease, 
but  usually  Increased,  averaging  10.4  +2.3  llters/mln.  The  ventilation 
equivalent  reached  3-50  +  0.46  (as  against  2.35  ±  0.34  in  the  healthy 
individuals).  Pulmonary  hypoventilation  consequently  was  not  the  cause 
of  the  CO2  accumulation. 

The  results  obtained  enabled  us  to  recognize  that  it  is  not  so 
much  a  decrease  in  as  a  nonuniformity  of  pulmonary  ventilation  which  is 
important  in  this  respect.  In  conducting  oxyhemometrlc  investigations 
on  the  patients  we  discovered  a  considerable  rise  in  the  "saturation 
time. "  On  shifting  to  inhalation  of  oxygen  the  maximum  stable  arterial- 
oxygenation  level  was  reached  only  after  an  average  of  8.1  min  (309  ob¬ 
servations),  as  against  2.J  min  for  the  healthy  individuals.  The  nonun¬ 
iformity  of  alveolar  ventilation  was  also  Indicated  by  an  increase  in 
the  "mixing  time"  —  a  retardation  of  the  rate  at  which  nitrogen  was 
washed  from  the  alveolar  air  (L.N.  Chernova's  data).  In  the  majority  of 
the  patients  the  alveolar  nitrogen  concentration  exceeded  1.5^  after 


Inhalation  of  pure  oxygen  for  seven  minutes,  while  in  the  healthy  In¬ 
dividuals  this  concentration  averaged  0.84  4  0.465^.  Itiis  corresponded 
to  the  Increase  in  residual  air  (mean  nom  of  26.2  4  4.7J^  of  the  total 
pulmonary  capacity)  established  for  the  majority  of  the  patients  (106 
of  129). 

llie  Insixfflclent  COg  liberation  might  to  some  extent  have  been 
promoted  by  the  difficulty  of  CO2  diffusion  through  the  flbrotlcally 
altered  alveolar  meinbrane.  IJils  was  indicated  by  a  coii?)aratlve  analysis 
of  the  results  of  investigations  on  different  groups  of  patients.  The 
COg  accumulation  proved  to  be  especially  substantial  in  diffuse  toxic 
pneumosclerosis,  llie  majority  of  the  patients  in  this  group  (44  of  78) 
exhibited  marked  hypercapnia  (52. by  volume  or  higher)  and  their  mean 
COg  content  reached  52*3  +  6.15^  by  volume.  Marked  hypercapnia  was  ob¬ 
served  considerably  more  rarely  (in  63  of  186  patients)  in  other  types 
of  pneumosclerosis  (pneumoconioses  and  postpneuwonlc  pneumosclerosis), 
the  mean  arterial  COg  level  amounting  to  48.5  +  6.95S  by  volume  (p  > 

>  0.01).  These  relationships  reflected  a  rather  marked  decrease  in  pul¬ 
monary  diffusion  capacity  and  development  of  so-called  "alveolar- capil¬ 
lary  blocking, "  which  have  been  shown  to  occur  in  diffuse  pneumosclero¬ 
ses  of  toxic  etiology  (Komro,  Forster,  DoBols,  et  al. ). 

In  ej^lalnlng  the  causes  of  the  COg  accumulation  we  were  also 
forced  to  take  into  account  the  characteristics  of  respiratory  regula¬ 
tion  under  conditions  of  chronic  hypoxia.  An  attenuation  of  the  pa¬ 
tients'  reaction  to  inhalation  of  COg  was  noted  in  our  observations, 
this  being  in  accord  with  the  data  of  L. L.  Shlk  and  other  authors  (Don¬ 
ald  and  Christy,  Chernyak  euid  Snaydl,  Alexander  .nd  Pauli).  The  inves¬ 
tigations  were  conducted  during  respiration  in  a  closed  system,  the  CO2 
concentration  being  gradually  raised  to  5-6^.  Under  these  conditions 
the  Increase  in  pulmonary  ventilation  in  the  patients  (137)  averaged 
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Pig.  1.  Changes  In  spirogram  during  respiration  in  a  closed  system  with 
a  gradually  increasing  CO2  content.  A)  0-v,  24  years  old,  healthy;  B) 

patient  B-a,  53  years  old,  2nd-group  invalid,  previously  a  sand-blast¬ 
ing  technician.  Diagnosis  of'^nd-degree  silicosis  with  marked  pulmonary 
enqphysema  and  chronic  asthmold'Tronchltls.  3rd-degree  respiratory  in¬ 
sufficiency.  2nd- degree  circulatory  insufficiency;  C)  patient  B,  50 
years  old,  3rd-group  invalid,  blacksmith.  Diagnosis  of  chronic  asthiaold 
bronchitis  aH3  pulmonary  emphysema.  2nd- degree  respiratory  insufficien¬ 
cy.  The  time  is  shown  along  the  abscissa  (2  mn  =  1  sec)  and  the  depth 
of  respiration  along  the  ordinate  (1  nm  =  50  ml);  both  are  scaled  in 
ran.  1)  Increase. 

53.0  +  27.35^  of  the  initial  level,  as  against  102.7  +  3^*85^  in  the 
healthy  individuals  (p  >  0.01).  The  results  obtained  are  Illustrated  by 
the  spirograms  shown  in  Pig.  1.  These  data  enabled  us  to  assume  that 
the  Indogenous  CO2  accumulation  did  not  produce  an  adequate  Intensifi¬ 
cation  of  respiration  in  the  patients  and  that  this  to  a  considerable 
extent  promoted  stabilization  of  the  hypercapnia. 

Statements  have  recently  appeared  in  the  foreign  literature  re¬ 
garding  the  favorable  Influence  of  hypercapnia  in  chronic  respiratory 
insufficiency.  A  high  CO2  level  in  the  material  blood  and  alveolar  air 
is  considered  as  an  "adaptation  mechanism"  which  facilitates  CO2  elim¬ 
ination  at  a  lower  respiration  pressure  (Barach,  Riley,  Richards,  and 
Nauls).  We  cannot  agree  with  this  hypothesis.  The  danger  of  CO2  accu¬ 
mulation  was  convincingly  demonstrated  in  the  works  of  P.M.  Al'bltskly. 
Numerous  data  have  established  that  CO2  accumulation  depresses  higher 
nervous  activity  (N. I.  Krasnogorskly,  V. N.  Zvorykin),  promotes  the  de- 
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velopment  of  pulaonarj  hypertension  (Thmer,  Fokon,  Cuman),  Increases 
the  cerebrospinal  pressure  (Westlake  and  Key,  Slepson),  and  Inhibits 
diuresis  (Braze  and  Jllaen,  Feldl). 

The  acld-alkall  equlUbrliOi  Is  easily  disrupted  under  th^  condi¬ 
tions  which  obtain  In  persistant  hypercapnia.  Our  observations,  ^ust  as 
the  Investlfatlons  of  other  authors,  showed  that  there  Is  a  considerable 
increase  In  the  arterial  allRll  reserve,  to  60.0-70.0^  by  volume  or 
more,  while  uncoBi>en8ated  gas  acidosis  occasionally  develops,  the  pH 
dropping  below  7* 38* 

All  this  led  to  an  urgent  demand  for  the  development  of  therapeu¬ 
tic  measures  Intended  to  prevent  CO2  accumulation  In  patients  with 
chronic  respiratory  Insufficiency.  We  studied  the  value  of  dlaceurb, 
ephedrlne,  and  respiratory  exercises  In  this  respect. 

DLaoart),  which  Inhibits  renal  carbonic  anhydrase,  proved  to  be 
most  effective.  The  decrease  produced  In  the  CO2  content  of  the  arter¬ 
ial  blood  and  alveolar  air  when  It  was  administered  was  more  constant 
(occurring  In  69  of  91  observations)  and  more  marked.  It  was  shown  that 
the  effect  of  dlacarb  results  prlmsu^lly  from  a  considerable  Intensifi¬ 
cation  of  OO^  elimination  In  the  urine  (by  a  factor  of  five)  caused  by 
suppression  of  tubule  resoiptlon  of  bicarbonates.  Respiratory  elimina¬ 
tion  of  OO2  also  somewhat  Increased  In  some  patients  under  the  In¬ 
fluence  of  dlacarb  (according  to  the  data  obtained  In  investigations 
conducted  In  a  closed  system,  using  a  ACX)V  app€u*atus). 

^>hedrlne  and  respiratory  excerclses  also  caused  a  regular  de¬ 
crease  In  hypercapnia.  Baployment  of  these  measures  (in  400  patients) 
produced  a  considerable  Improvei^nt  In  bronchial  passablllty,  as  could 
be  seen  from  Increases  In  the  volume  and  rate  of  maximum  forced  exhala¬ 
tion,  maxlimaa  pulmonary  ventilation,  maximum  utilization  of  respiratory 
volume,  and  Index  of  air- flow  rate  (our  data  and  those  of  L.  N.  Postnl- 
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kova  cind  T.  B.  Kurando).  The  nonuniformity  of  alveolar  ventilation 
("saturation  time"  and  "mixing  time")  decreased,  which  also  promoted 
better  CO^  liberation.  The  CO2  content  of  the  exhaled  air  increased  by 
an  average  of  13*^  +  6.635^  of  Its  Initial  level  after  administration  of 
ephedrlne. 

Oxygen  therapy  In  chronic  hypoxia  presents  special  difficulties. 

It  entails  a  considerable  disruption  of  CO2  Interclmnge,  as  well  as  a 
disturbance  of  CO2  treinsport  resulting  from  the  decrease  in  the  COp 
capacity  of  the  oxygenated  blood  (Hazell's  phenomenon).  According  to 
I  the  data  of  Rossi,  Barach,  Wilson,  aind  Schiller,  the  arterial  COp  lev- 
^  el  reaches  90-100-1105^  by  volume  In  this  group  of  patients  during  oxy¬ 
gen  Inhalation.  The  additional  CO2  accumulation  created  prevents  dev¬ 
elopment  of  the  protective  reactions  which  act  to  prevent  hyperoxia. 

For  exanple.  It  has  been  established  that  when  O2  is  supplied  under  a 
pressure  of  3*5  atm  the  PO2  of  the  blood  flowing  from  the  brain  is  76 
ram  Hg,  which  Is  a  result  of  the  decrease  In  cerebral  circulation.  Under 
the  same  experimental  conditions,  but  with  2%  CO2  added  the  PO2  of  thii 
cerebral  blood  reaches  100  mm  Hg,  as  a  result  of  the  substantial  in¬ 
crease  In  cerebral  circulation  volume  (K.  Lambertsen,  K.  Shmidt  et  al. ). 

In  the  foreign  literature  we  found  descriptions  of  15O  cases  of 
severe  oxygen  Intoxication,  frequently  lethal,  which  developed  during 
oxygen  therapy  in  patients  with  chronic  respiratory  insufficiency.  Com¬ 
posite  einalysls  of  these  cases  showed  their  dependence  on  a  decrease  In 
the  threshold  to  the  toxic  action  of  oxygen,  a  decrease  caused  by  COp 
accumulation.  It  has  been  noted  that  the  so-called  negative  or  side  ef¬ 
fect  of  oxygen,  which  has  recently  attracted  the  attention  of  Soviet 
authors  (N.  S.  Molchaunov,  N.  A.  Kurshakov,  A,  G.  Dembo,  and  S.  N.  Scrinson), 
also  results  to  a  considerable  extent  from  a  disruption  of  COp  elimina¬ 
tion. 
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Ftg.  2.  Changes  In  COo  content  of  arterial  blood  during  different  per¬ 
iods  of  tMO-hour  iidialatlon  in  oxy^n  tent.  1}  Before  inhalation;  2) 
after  1  hour;  3)  after  2  hours. 

These  data  indicated  the  inadmissibility  of  using  carbogen  and 
made  it  necessary  to  develop  an  oxygen- therapy  method  for  chronic  hy¬ 
poxia  which  would  not  lead  to  any  considerable  COg  accumulation.  Our 
observations  showed  that  the  extent  of  the  Increase  in  COg  concentra¬ 
tion  Is  a  direct  function  of  the  concentration  of  the  Inhaled  Og  and 
the  duration  of  inhalation  (Fig.  2). 

We  concluded  that  noncontinuous  and  rigidly  dosed  oxygen  therapy 
was  best  for  this  group  of  patients,  in  contrast  to  Dotrband's  well- 
known  requirement  of  cqpious  and  continuous  oxygen  supply.  The  method 
develc^d*  provides  for  oxygen  inhalation  in  conjunction  with  therapeu¬ 
tic  measures  which  promote  COg  elimination  (diacarb,  drugs  with  a 
bronchlolytlc  action  -  ephedrine,  euphyllln,  at  al.  .  respiratory  exer¬ 
cises). 

This  method  enabled  us  to  achieve  persistent  favorable  results  In 
therapy  and  to  avoid  completely  the  development  of  conpllcatlons.  The 
arterial  CX)g  content  decreased  in  the  majority  of  the  patients  5,99  of 
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170)  after  this  course  of  therapy  and,  when  systematic  repeated  courrxc 
were  given  over  an  extended  period,  remained  at  a  normaUL  level  (our  ob¬ 
servations  lasted  up  to  10  years). 

All  the  material  presented  above  confirms  that  tnere  are  consider¬ 
able  disturbances  of  COg  interchange  in  chronic  hypoxia  of  pulmonary 
etiology.  Elimination  of  these  disturbances  should  be  one  of  the  Impor- 
tcint  aspects  of  treating  this  group  of  patients. 
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CHANGE  IN  EXrEmtds  lOBPIRATION  AND  BUXm  ALKALI  fOBSERVES  AS  AN  INDEX  OF 

HYPOXIA  IN  BIDNGSIAL  ASTHMA  PATIENTS 
A. I.  Dayuba 
(Kiev) 

It  is  well  known  that  functional  disturbance  of  the  external  respir¬ 
atory  apparatus  affects  oxyldat ion- reduct ion  processes  in  the  organism. 

In  the  work  described  herein  we  att^pted  to  show  the  extent  to 
which  functional  disruption  of  the  external  resp^-witory  apparatus  influ¬ 
ences  qualitative  oxygen  utilization  by  the  tissues  of  the  organism. 

We  examined  72  bronchial  asthma  patients  with  altered  external  res¬ 
piratory  functioning.  A  study  was  made  of  general  clinical  data:  Indices 
of  external  respiratory  functioning  (minute  respiratory  volume^ 
pulmonary  vital  capacity,  maximum  ventilation,  and  forced  pulmonary  vi¬ 
tal  capacity,  all  as  percentages  of  their  normal  levels,  as  well  as  fre¬ 
quency  and  depth  of  respliMtlon),  indices  of  the  gas-transport  function 
of  the  blood  (oxygen  capacity  of  the  blood,  arterial- venous  oxygen  dif- 
rerence,  carbon  dioxide  content  of  the  venous  and  arterial  blood,  ven¬ 
ous-arterial  carbon  dioxide  difference,  percentage  oxygen  saturation  of 
arterial  and  venous  blood,  and  percentage  tissue  oxygen  utilization), 
lactic  and  pyruvic  acid  content  of  the  blood,  and  blood  alkali  reserves. 
These  special  Indices  were  studied  by  the  methods  custcxnarily  employed 
in  the  clinic  of  the  Department  of  Internal- Disease  Propedeutlcs  of  the 
Kiev  Medical  Institute. 

Clinical  and  laboratory  examination  of  our  patients  established  the 
basic  diagnoses:  paroxysmal  or  chronic  bronchial  asthma  in  the  exacerba¬ 
tion  period.  During  the  examinations  the  patients  displayed  acute  or 
chronic  asthmatic  conditions.  An  Inflammatory  process  localized  predom¬ 
inantly  in  the  respiratory  organs  was  detected  in  almost  all  of  them. 


third,  a  total  of  1?. 

The  transport  of  gases,  lactic  acid,  and  pyruvic  acid  and  the  blood 
alkali  reserves  were  thoroughly  studied  (two  or  three  times)  in  all  the 
patients.  We  considered  the  following  to  be  material  signs  of  respira¬ 
tory  insufficiency:  excess  ventilation  (manifested  clinically  as  dysp- 
nia),  oxygen  deficiency  (hypoxia),  l.e.,  a  drop  in  the  level  of  oxida¬ 
tive  processes  or  an  anoxyblotlc  change  in  them,  and  the  presence  of  in¬ 
complete-oxidation  products  in  the  circulating  blood.  Qualitatively  in¬ 
sufficient  oxygen  exchange  and  the  appearance  of  insufficiency  oxidized 
substances  is  believed  to  be  a  general  symtom  of  hypoxia  of  various  eti¬ 
ologies. 

All  our  patients  exhibited  a  disruption  of  ventilation  (Table  l); 
this  was  manifested  in  the  fact  that  the  minute  respiratory  volume  was 
from  127  to  240^  above  normal  in  some  patients  (8),  while  In  the  others 
(9),  who  displaced  a  normal  minute  respiratory  volume  (most  frequently 
in  first-degree  pulmonary  insufficiency),  the  disruption  of  ventilation 
took  the  form  of  an  increase  in  respiration  rate  (a  decrease  in  one  pa¬ 
tient)  and  a  decrease  or*  tendency  toward  a  decrease  in  depth  of  respira¬ 
tion.  In  those  cases  where  the  respiration  rate  was  normal  or  reduced 
there  was  a  clear  Increase  In  the  depth  of  respiration. 

In  all  the  patients  the  functional  capacity  of  the  respiratory  sur¬ 
face  of  the  lungs,  l.e.,  the  pulmonary  vital  capacity,  v;as  altered  (which 
indicates  an  elevated  residual  volume)  and  the  Indices  of  bronchial  pos¬ 
sibility  (forced  pulmonary  vital  capacity)  were  reduced,  obviously  as  a 
result  of  an  allergic- Infectious  condition  In  the  bronchial  passages  and 
subsequent  mucosal  edema,  bronchial  spasms,  and  occlusion  of  the  bron¬ 
chial  mucos'i,  which  promote  the  development  of  hypoxia. 

A  disruption  of  ventilation  in  the  external  respiratory  apparatus, 
taking  the  form  of  an  Increase  In  minute  respiratory  volume  or  an  abnor- 


mal  ratio  of  the  constituent  indices  of  the  minute  respiratory  volume 
(an  increase  in  respiration  rate  coupled  with  a  decrease  or  a  tendency 
toward  a  decrease  in  depth  of  respiration),  was  one  of  the  characteris¬ 
tics  of  our  patients'  condition. 

In  studying  the  transport  of  gases,  lactic  acid,  and  pyruvic  acid 
and  the  blood  alkali  reserves  we  established  (Table  2)  that  the  oxygen 
capacity  of  the  blood  was  elevated  (occasionally  to  by  volume)  in 
10  of  the  13  patients  examined,  because  of  an  Increase  in  the  erythrocyt 
and  hemoglobin  counts;  however,  the  most  common  cause  (in  7  patients) 
was  obviously  qualitative  change  In  the  hemoglobin,  since  no  increase 
was  observed  in  the  erythrocyte  and  hemoglobin  counts  in  this  case.  The 
individuals  with  an  Increased  oxygen  capacity  also  exhibited  an  eleva¬ 
ted  oxygen  content  in  the  arterial  blood  (arterial  hype roxemla ) ,  which 
may  be  considered  as  a  compensatory  reaction  induced  by  oxygen  starva¬ 
tion,  since  the  percentage  oxygen  saturation  of  the  blood  was  reduced  in 
the  majority  of  cases.  The  reduced  percentage  tissue  oxygen  utilization 
frequently  encountered  (in  10  of  13  patients)  confirms  the  existence  of 
tissue  hypoxia  in  these  cases.  The  hypoxic  condition  of  our  patients  is 
also  indicated  by  the  elevated  pyruvic  and  lactic  acid  contents  in  the 
blood.  Almost  all  the  patients  thus  displaced  hypoxia. 

As  may  be  seen  from  the  material  presented  above,  our  pabient’o 
Illness  was  based  on  a  pathological  process  affecting  mainly  the  i^eopir- 
atory  organs  and  causing  a  preferential  disruption  of  external  respira¬ 
tion  and  subsequent  development  of  a  hypoxic  condition.  This  hypoxia,  it 
self  a  consequence  of  a  disruption  of  external  respiration,  causes  a 
further  disturbance,  as  may  be  seen  in  the  physicochemical  regulation  '-f 
the  acid-alkali  equilibrium  of  the  organism  by  the  blood,  vhlch  is  asso¬ 
ciated  with  the  presence  of  a  bicarbonate  buffer.  Detemlndtlon  of  the 
alkali  reserves  revealed  an  increase  (alkalosis)  in  5  patients  and  a  de- 


mal  ratio  of  the  constituent  indi''es  of  the  minute  respiratory  volume 
(an  increase  in  respiration  rate  coupled  with  a  decrease  or  a  tendency 
toward  a  decrease  in  depth  of  respiration),  was  one  of  the  characteris¬ 
tics  of  our  patients'  condition. 

In  studying  the  transport  of  gases,  lactic  acid,  and  pyruvic  acid 
and  the  blood  alkali  reserves  we  established  (Table  2)  that  the  oxygen 
capacity  of  the  blood  was  elevated  (occasionally  to  by  volume)  In 
10  of  the  13  patients  examined,  because  of  an  increase  in  the  erythrocyte 
and  hemoglobin  counts;  however,  the  most  common  cause  (in  7  patients) 
was  obviously  qualitative  change  in  the  hemoglobin,  since  no  Increase 
was  observed  in  the  erythrocyte  and  hemoglobin  counts  in  this  case.  The 
individuals  with  an  increased  oxygen  capacity  also  exhibited  an  eleva¬ 
ted  oxygen  content  In  the  arterial  blood  (arterial  hyperoxemia) ,  which 
may  be  considered  as  a  compensatory  reaction  induced  by  oxygen  starva¬ 
tion,  since  the  percentage  oxygen  saturrtion  of  the  blood  was  reduced  in 
the  majority  of  cases.  The  reduced  percentage  tissue  oxygen  utilization 
frequently  encountered  (in  10  of  13  patients)  confirms  the  existence  cf 
tissue  hypoxia  in  these  cases.  The  hypoxic  condition  of  our  patients  is 
also  indicated  by  the  elevated  pyruvic  and  lactic  acid  contents  in  the 
blood.  Almost  all  the  patients  thus  displaced  hypoxia. 

As  may  be  seen  from  the  material  presented  above,  our  patient's 
Illness  was  based  on  a  pathological  process  affecting  mainly  the  rfcpir- 
etory  organs  and  causing  a  preferential  disruption  of  external  respira¬ 
tion  and  subsequent  development  of  a  hypoxic  condition.  This  hypoxia,  it¬ 
self  "1  consequence  of  a  disruption  of  external  i-esplratlc n ,  ’auses  a 
further  disturbance,  as  may  be  seen  in  the  physicochemical  regulation  f 
the  acid-alkali  equilibrium  of  the  organism  by  the  blood,  vhlch  is  asso¬ 
ciated  with  the  presence  of  a  bicarbonate  buffer.  Determination  of  the 
alkali  reserves  revealed  an  increase  (alkalosis)  in  5  patients  and  a  df- 
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TABLE  2 

Distribution  of  Bronchial  Asthma  Patients  in 
Accordance  with  Data  Qjaracterizlng  the  Trans¬ 
port  of  Oases,  Lactic  Acid,  and  Pruvlc  Acid 
and  Blood  Alkali  Reserves  as  a  Function  of 
gree  of  Pulmonary  Insufficiency 


1)  Index;  2)  degree  of  oulmonary  insufficiency;  3)  elevated;  4)  normal; 
5)  reduced;  6)  total;  7;  total  number  of  patients  examined;  8)  number  of 
patients;  9)  blood-flow  rate  ''magnesium);  10)  erythrocyte  count;  11) 
hemoglobto  count-  12)  oxygen  capacity;  13)  oxygen  content  of  arterial 
blood;  14)  oxyceu  content  of  venous  blood;  15)  arterial- venous  oxygen 
difference;  lb)  percentage  oxygen  utilization;  17)  oxygen  saturation  of 
arterial  blood;  I8)  oxygen  saturation  of  venous  blood;  19)  carbon  di¬ 
oxide  content  of  arterial  blood;  20)  carbon  dioxide  content  of  venous 
blood;  21)  venouB-arterl_i  carbon  dioxide  difference;  22)  lactic  acid; 
23)  pyruvic  acid;  24)  blood  alkali  reserves. 


t 


-  444  - 


crease  (acidosis)  In  10. 

When  there  Is  an  Increased  quantity  of  Insufficiently  oxidized  pr'">- 
ducts  we  consider  allcalosls  to  be  a  compensatory  rea  tlon  caused  by  aci¬ 
dosis  in  the  presence  of  Intensified  carbon  dioxide  elimination;  hov;ever, 
this  condition  Is  dlsadvantag  ous  for  the  organism,  since  It  hinders 
HbCO^  dissociation  In  the  blood  of  the  pulmonary  capillaries  and  HbO^ 
dissociation  In  the  capillaries  of  the  systematic  circulatory  system. 

We  cannot  exclude  the  possibility  that  the  function  of  hemoglobin  In  gas 
transfer  Is  blocked  In  this  case. 

The  decrease  In  alkali  reserves  In  the  remainder  of  the  patients 
resulted  from  bonding  of  the  alkali  metals  of  the  bicarbonates  to  the 
acids  of  the  unorthodlzed  products  (B.M.  Shershevskly ,  L.M.  Georglyev- 
skiy,  and  D.N.  Ferdman).  Either  an  Increase  or  a  decrease  In  alkali  re¬ 
serves  may  thus  be  considered  as  a  symptom  of  hypoxia. 

As  an  illustration  of  all  the  material  which  we  have  presented,  v.e 
reproduce  below  case  history  No.  2070. 

Patient  T-a  N.I.,  50  years  of  age,  Invalided  by  disease.  Admitted 
27  January  I96I  In  an  asthmatic  condition.  Had  been  111  since  April 
i960.  After  recovery  from  a  cold  choking  fits  suddenly  appeared  against 
a  background  of  emotional  factors.  The  patient  was  treated  without  re¬ 
sults  as  an  ambulatory  patient.  She  had  suffered  from  typhoid,  pulmon¬ 
ary  tuberculosis  at  17,  and  inflammation  of  the  lungs  and  was  sub  Ject 
to  frequent  cold- like  conditions  accompanied  by  elevated  temperature, 
after  which  the  choking  fits  were  intensified  and  could  be  eliminated 
by  theophredrine,  ephldrlne,  and  atropine.  Except  for  the  seizures, 
condition  was  only  moderately  serious.  In  a  siting  position,  her  pulse 
was  90  and  rh;,  chmlc,  and  her  respiration  rate  was  24,  her  blood  pressure 
was  130/90  mm  Hg,  she  displaced  dyspnia;  a  slight-grey  color,  puffiness 
of  the  face,  and  acrocyanosis,  the  boundaries  of  the  heart  were  displaced 
to  the  left,  and  the  heart  tones  were  muffled.  The  second  tone  was  ac¬ 
cented  in  the  pulnionary  artery,  the  lungs  gave  off  a  bandbox  sound,  and 
her  breathing  was  harsh  with  many  dry  sllllant  rales. 

Blood  analysis:  erythrocytes  -  4,690,000,  Hb  -  74^  by  Sahll's 


method,  leucocytes  —  5300,  basophils  —  1,  eosinophils  -  10,  stabnucleor 
elaients  -  2,  segment onuc.lear  elements  -  55»  lymphocytes  -  15,  monocytes 
-  7,  sedlJi^ntstlon  rate  -  12,  globulins  -  6.28  rag-^. 

Diagncwis:  exercerbatlcoi  of  paroxysmal  bronchial  asthma,  second-de-  % 
gree  pulmonary  emf^sema,  {Hieumosclerosis,  chronic  rtiinitis,  first-de¬ 
gree  external  respiratory  insufficiency,  and  toxic  myocarditis. 

Investigation  of  external  respiration  yielded  the  following  data: 
respiration  rate  ~  24,  depth  of  respiration  -  344  ml,  minute  respiratory 
volume  -  127J^  of  nonnal,  pulmonary  vital  capacity  -  595^  of  normal,  maxi¬ 
mum  pulmonary  ventilation  —  1305^  of  normal,  forced  pulmonary  vital  capa¬ 
city  -  435^  of  vital  capacity,  pulmonary  CO2  elimination  -  67. 4j^  of  nor¬ 
mal. 

Investigation  of  the  gas  composition  of  the  blood  before  treatment 
showd:  oxygen  capacity  -  25.35J^  by  volume,  oxygen  content  of  arterial 
blood  —  22,9k%  by  volume,  oxygen  content  of  venous  blood  —  13.52J^  by  vol¬ 
ume,  arterial- venous  oxygen  difference  -  9*425^  by  v'  jme,  percentage 
oxygen  utilization  —  4l.l^,  oxygen  saturation  of  arterial  blood  -  90%, 
oxygen  saturation  of  venous  blood  —  535^»  carbon  dioxide  content  of  ar¬ 
terial  blood  —  36.495^  by  volisne,  carbon  dioxide  content  of  venous  blood 
44.845^  by  volume,  and  venous-arterial  COg  difference  -  Q.35%  by  vol¬ 
ume.  The  lactic  acid  content  was  16.2  mg-%,  the  pyruvic  acid  content 
18.2  mg-%,  and  the  alkali  reserves  56. 65^  by  volume. 

Clinical  Improvement  began  after  treatment,  the  Indices  enumerated 
moving  back  toward  normal. 

A  similar  pattern  was  observed  in  a  number  of  other  patients.  The 
presence  of  both  a  disruption  of  external  respiration  and  a  number  of 
other  symtoBB  indicating  a  disturbance  of  the  respiratory  function  of 
the  blood,  coupled  with  other  signs  of  hypoxia,  thus  required  a  definite 
gradation  of  individual  therapy.  However,  we  attempted  to  base  our  treat¬ 
ment  on  the  principle  of  desenitlzation  of  the  organism  together  with  ad¬ 
ministration  of  antispasmatlcs,  conjoining  the  latter  with  cardiovascular 
and  anti-inflammatory  drugs  in  a  number  of  cases.  In  Individual  Instan¬ 
ces  we  administered  a  2-45^  sodium  bicarbonate  solution,  depending  on 
the  extent  of  alkalosis;  this  yielded  satisfactory  results.  ^ 
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CONCLUSIONS 


1.  A  disruption  of  pulmonary  ventilation  and  of  the  acld-alkall 
equilibrium  of  the  blood  must  be  considered  a  symtcan  of  hypoxia. 

2.  Our  patients’  hypoxic  condition  Is  a*  ^rently  the  result  of  or¬ 
ganic  damage  (frequently  of  an  allergic- Infectious  character)  to  the  ex¬ 
ternal  respiratory  apparatus;  th?  .  promotes  the  development  of  hypoxia, 
which  in  turn  intensifies  the  alteration  of  external  respiration.  Hov;- 
ever,  we  cannot  exclude  the  possibility  that  it  Is  caused  by  a  conjunc¬ 
tion  of  local  hjrpoxlc  manifestations  in  the  pulmonary  circulatory  sys¬ 
tem,  which  may  lead  to  subsequent  disturbances  of  circulation  and  of 
the  hematoresplratory  barrier,  although  a  peculiar  closed  circuit  (the 
damage- Induced  disruption  of  external  respiration,  the  hypoxia,  and  the 
intensified  disruption  of  the  structure  and  function  of  the  external 
respiratory  apparatus)  is  more  frequently  formed. 

3.  Organic  damage  to  the  longs  and  the  associated  disturbance  of 
pulmonary  functioning  is  only  a  partial  cause  of  hypoxia,  since  the  ex¬ 
ternal  respiratory  apparatus  has  a  high  adaptive  capacity  with  regard 
to  mechanically  pathological  changes  which  hinder  ventilation. 

4.  Changes  In  the  acld-alcoll  equilibrium  of  the  Internal  medium 
may  also  be  of  great  Importance  In  the  development  of  hypoxia;  when  such 
changes  occur  the  hemoglobin  cannot  release  CO^  and  pick  up  0^  in  the 
pulmonary  capillaries,  nor  can  It  deliver  0^  to  the  tissues  and  remove 
COg  from  them,  a  situation  observed,  e.g.,  in  alkalosis. 

5.  It  may  be  assumed  that  disadvantageous  changes  in  the  oxygen-al¬ 
kali  equilibrium  of  the  internal  medium  may  be  corrected  by  drug  therapy 
and  appropriate  diet,  thus  breaking  the  pathogenetic  circle  and  making 
it  possible  for  the  organically  damaged  exter-i-il  respiratory  apparatus 
to  make  fuller  use  of  its  great  compensatory  reserves. 
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OXyOW  STARVATION  IN  PAIHOLOOICAL  C(»JDITIONS  OP  THE  LIVER 

V.  P.  Bezuglyy 
(laev) 

The  disruption  of  carbohydrate,  protein,  plgnent,  wateivsalt,  and 
other  types  of  metabolism  which  occurs  in  diseases  of  the  liver,  espe¬ 
cially  Botkin’s  disease,  has  not  been  studied  with  sufficient  thorough¬ 
ness.  Little  research  has  been  done  on  gaseous  interchange  and  the  oxy¬ 
gen  supply  to  the  organism  In  hepatic  diseases. 

Snell  (1935)  Investigated  the  gas  composition  of  the  blood  In  four 
patients  with  Infectious  Jaundice  and  found  that  the  oxygen  saturation 
of  the  arterial  blood  dropped  from  92.4  to  87. 35^. 

I.M.  Turovete  and  I.G.  Tonkonogly  later  Investigated  the  gas  compo¬ 
sition  of  the  blood  In  14  patients  with  various  hepatic  diseases.  These 
patients  exhibited  venous  hypoxemia  and  an  elevated  arterial-venous  oxy¬ 
gen  difference. 

The  fact  that  the  organism's  oxygen  supply  Is  disrupted  In  Botkin's 
disease  Is  Indlrected  Indicated  by  data  on  the  changes  which  occur  In 
oxidation- reduct Ion  processes.  Thus,  an  Increase  In  the  oxygen  content 
of  the  urine  (Schwartz),  accumulation  of  oxidized  glutathione  In  the 
blood  (Kamenetskiy),  a  decrease  In  the  oxidation  of  purine  compounds  to 
lactic  acid  (Andryushechklna  and  Nlkolayeva),  a  drop  in  the  rate  of  ox¬ 
idative  phosphorylation  (Yakusheva),  a  disruption  of  carbohydrate  meta¬ 
bolism  In  the  muscles  and  signs  of  glycolysis  (Mlkhnev),  and  an  attenu¬ 
ation  of  fatty-acid  oxidation  (Zabolotnyy  et  al. )  are  observed  In  the 
presence  of  this  disease. 


Clinically,  patients  with  Botkin’s  disease,  especially  those  with 
the  severe  form,  exhibit  marked  cyanosis  of  the  ears,  lips,  tip  of  the 
nose,  chin,  hands,  etc.,  when  coupled  with  complaints  such  as  severe 
general  weakness,  susceptibility  to  rapid  fatigue,  loss  of  working  ca¬ 
pacity,  etc.  All  this  to  seme  extent  indicates  the  occurrence  of  hypox¬ 
ia  in  this  disease.  In  this  connection  we  set  ourselves  the  task  of 
studying  the  oxygen  supply  to  the  organism  in  Botkin's  disease.  An  in¬ 
vestigation  of  the  respiratory  function  of  the  blood  was  conducted  for 
this  purpose.  The  term  "respiratory  function  of  the  blood"  is  used  to 
refer  to  the  mechanism  by  which  oxygen  is  transported  from  the  lungs  to 
the  tissues  and  carbon  dioxide  is  transported  from  the  tissues  to  the 
lungs.  In  order  to  study  this  function  we  Investigated  the  gas  composi¬ 
tion  of  the  arterial  and  venous  blood,  the  oxyhemoglobin  dissociation 
curves,  and  the  carbonic  acid  fixation  curves,  taking  hemodynamics  into 
account. 

We  investigated  the  gas  ccmposltion  of  the  blood  in  a  Sechenov-van 
Slyke  apparatus.  The  gas  composition  of  the  arterial  and  venous  blood 
was  studied  In  108  Botkin's  disease  patients,  in  43  of  whom  the  Investi¬ 
gation  was  made  under  dynamic  conditions,  1. e.,  at  the  height  of  the 
illness  and  during  the  recovery  period.  The  most  characteristic  peculiar¬ 
ity  of  the  gas  composition  In  Botkin's  disease  Is  a  drop  in  the  oxygen 
saturation  of  the  arterial  blood.  Thus,  the  percentage  oxygen  saturation 
was  below  normal  (less  than  92%)  In  88  of  the  108  patients,  which  indi¬ 
cated  arterial  hypoxcnla.  It  must  be  noted  that  the  drop  in  the  oxygen 
saturation  of  the  arterial  blood  was  a  direct  function  of  the  severity 
of  the  disease  in  the  majority  of  cases. 

The  oxygen  content  of  the  venous  blood  decreased  markedly  (to  belov; 
12%  by  volume).  This  Index  v;as  depressed  in  80  of  the  108  patients.  In¬ 
dications  of  venous  hypoxemia  were  consequently  present  in  the  overwhelm- 
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Ing  BAjorltj  of  the  patients.  This  iras  also  Indicated  by  an  Increase  in 
indices  such  as  the  arterial- ▼emms  oaygen  difference  (which  was  greater 
than  by  volvne  in  72  of  the  108  patients)  and  percentage  tissue  oxy¬ 
gen  utilization  idiich  was  greater  than  in  76  patients).  The  aajori- 
ty  of  patients  ccmsequently  exhibited  symtoas  of  arterial  and  venous 
hypoxemia. 

The  carbon  dioxide  content  of  both  the  arterial  and  venous  blodd 
tended  to  decrease  (this  index  was  reduced  in  half  the  patients). 

The  percentage  oxygen  saturation  of  the  arterial  blood  rose  to  nor¬ 
mal  during  the  recovery  period  in  the  majority  (39  of  43)  of  the  patients 
investigated  under  dynamic  conditions.  The  oxygen  content  of  the  venous 
blood  increased  in  a  considerable  number  of  these  patients  (in  22  of  43) > 
remained  unaltered  in  6,  and  decreased  in  13.  The  carbon  dioxide  content 
of  the  arterial  and  venous  blood  rose  in  half  the  patients  during  the 
recovery  period.  The  arterial- venous  oxygen  difference  and  the  percent¬ 
age  tissue  oxygen  utilization  tended  to  normalize  in  a  majority  (22  of 
43)  of  the  patients  (see  Table). 

The  arterial  hypoxemia  mis  thus  eliminated  in  the  majority  of  the 
patients  during  the  recovery  period;  the  venous  hypoxemia  was  also  elim¬ 
inated  In  many.  However,  the  mectmualsm  by  which  the  arterial  and  venous 
hypoxemia  developed  remained  unclear.  In  this  connection  we  set  ourselves 
the  task  of  studying  the  oxyhemoglobin  dissociation  curves  as  a  basic 
Index  of  the  respiratory  function  of  blood,  directly  indicating  the 
presence  or  absence  of  hypoxia. 

we  found  no  reports  of  research  on  the  respiratory  function  of  the 
blood  in  acute  vlrous  hepatitis  —  Botkin’s  disease  -  in  either  the  So¬ 
viet  or  foreign  literature.  We  know  of  only  one  work  In  this  area  (Kls 
and  Snell),  in  which  the  authors  studied  the  oxyhemoglobin  dissociation 
curves  in  cirxdiosis  of  the  liver.  They  found  that  these  patients  exhlbl- 
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Gas  Composition  of  the  Blood  in  Bc.tkln's  Disease 
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y  Patient's  surname;  2)  arterial  blood;  3)  venous  blood:  4)  content, 
%  by  volume;  5)  arterial— venous  0^  difference;  6)  percentage  tissue  0, 
utilization;  7)  percentage  Op  satiation  of  arterial  blood;  8)  0^  cap^ 
city  of  blood,  %  by  volume;  9)  bilirubin,  mg-^;  10)  Z-lk;  11)  Kf^yev 
12)  P-na;  13)  K-shch:  14)  Mur-ya;  15)  M-aya;  l6)  P-lk;  17)  Na-ko;  l8) 
No- Ik;  19)  I>-yey;  20 )  exacerbation. 


ted  insufficient  saturation  of  the  arterial  blood  and  attributed  this 
to  a  decrease  In  the  affinity  of  hemoglobin  for  oxygen,  since  the  disso¬ 
ciation  curve  dropped  markedly  and  was  displaced  to  the  right. 

We  studied  the  oxyhemoglobin  dissociation  curves  for  30  patients 
with  Botkin's  disease.  In  20  of  them  the  curves  were  displaced  or  tend¬ 
ed  to  be  displaced  downward  and  to  the  right  during  the  height  of  the 
illness  (see  the  dissociation  curve  for  patient  Fet-va,  Pig.  l).  The 
curves  were  within  normal  limits  for  9  patients  and  only  one  curve  was 
displaced  upward  and  to  the  left. 
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The  oxyhemoglobin  dissociation 
curves  were  consequently  displaced 
dowmfard  and  to  the  right  In  the  major¬ 
ity  of  the  patients.  This  displacement 
was  more  martced  In  those  patients  with 
the  moderately  severe  and  severe  foms 
of  the  disease.  When  the  Illness  took 
a  mild  course  the  dissociation  curves 
frequently  remained  within  normal  lim¬ 
its.  This  displacement  of  the  oxyhemo¬ 
globin  dissociation  curves  downward 
and  to  th  right  in  Botkin's  disease  Indicates  a  decrease  In  the  affini¬ 
ty  of  the  hsBoglobln  for  oxygen,  caused  primarily  by  manifestations  of 
Intoxication. 

Toxic  substances  (phenols)  are  formed  In  the  Intestine  during  the 
de compos It Icm  of  proteins;  these  pass  Into  the  liver  and  are  converted 
Into  nontoxlc  c<HiJugate  (phenol- sulidiur  and  phenol-glucuronate) compounds. 
80  to  90%  of  the  phenols  are  excreted  In  the  urine  as  fixed  phenols. 

When  the  barrier  function  of  the  liver  Is  disrupted  the  quantity  of  fix¬ 
ed  phenols  In  the  .urine  decreases  and  the  quantity  of  free  phenols  In¬ 
creases  (Schwartz). 

The  disruption  of  the  hepatic  detoxification  function  which  occurs 
In  Botkin's  disease  Is  consequently  one  of  the  causes  of  the  Intoxica¬ 
tion.  The  latter  may  also  arise  from  a  virus  Infection  and  the  concomi¬ 
tant  disturbance  of  oxidative  processes.  All  this  could  naturally  have 
been  reflected  In  the  oxyhemoglobin  dissociation  curves  and  have  led  to 
a  decrease  In  tlw  affinity  of  the  hemoglobin  for  oxygen  and  thus  to  in¬ 
sufficient  oxygen  saturation  of  the  arterial  blood.  It  Is  possible  that 
the  latter  phenomenon  also  promoted  disruption  of  the  permeability  of 


Fig.  1.  Oxyhemoglobin  dis¬ 
sociation  curve  for  patient 
Pet-va.  1)  Percentage  O2 
saturation;  2)  partial  Og 
pressure. 


j  the  pulmonary  capillaries.  The  oxyhemoglobin  dissociation  curves  re- 

i 

I 

^  fleet  the  dependence  of  the  oxygen  saturation  of  the  blood  on  the  par- 
11)  -  tial  oxygen  pressure  (pO^)* 

I 

I  In  16  of  the  30  Botkin's  disease  patients  examined,  the  partial 

I 

I 

I  oxygen  pressure  of  the  arterial  blood  (pO^)  was  clearly  reduced,  l.e., 

’  was  below  70  mm  Hg.  In  addition,  in  7  patients  pO^  displayed  a  tendency 
to  decrease  and  was  at  the  lower  limit  of  the  nomal  range,  l.e.,  be¬ 
tween  70  and  80  nnn  Hg.  This  index  was  within  the  normal  limits  (30-90 
mm  Hg)  in  only  7  patients.  The  pO^  of  the  arterial  blood  v/as  thus  re¬ 
duced  or  manifested  a  tendency  to  decrease  in  the  majority  of  the  pa¬ 
tients  examined;  this  is  a  direct  indication  of  the  existence  of  arter¬ 
ial  hj'poxemla  in  Botkin’s  disease. 
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Pig.  2.  Oxyhemoglobin 
dissociation  curve  for 
patient  Ped-va.  l)  Peiv 
centage  Og  saturation; 
2)  partial  0^  pressure. 


The  partial  oxygen  pressure  in  the 
venous  blood  was  less  than  30  mm  Hg  in 
16  of  the  30  patients  examined.  The  pCg 
of  the  venous  blood  was  between  30  and  40 
mm  Hg,  l.e.,  at  the  lower  limit  of  the 
normal  range,  in  11  patients  and  within 
the  normal  range  (40  mm  Hg)  in  3- 

The  pO^  of  the  venous  blood  was  con¬ 
sequently  reduced  or  exhibited  a  clear 
tendency  to  decrease  in  an  overwhelming 
majority  of  the  Botkin’s  disease  patients. 


This  decrease  in  the  pO^  of  the  venous  blood  not  only  confirms  the  exis¬ 
tence  of  venous  hypoxemia,  but  is  also  a  direct  indication  that  tissue 
hypoxia  occurs  in  Botkin’s  disease. 

During  the  period  of  clinical  recovery  and  decrearlng  Jaundice,  the 
oxyhemoglobin  dissociation  curves  were  displaced  upward  and  to  the  left 
in  5  of  9  subjects , La, were  on  the  way  to  normalization.  Displacement  of 
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the  dissociation  curves  In  this  direction  Indicates  an  Increase  In  the 
affinity  of  the  hemoglobin  for  oxygen,  again  confirming  that  the  oxygen 
saturation  of  the  arterial  blood  Is  a  function  of  the  affinity  of  the 
hemoglobin  for  oxygen  (see  the  dynamics  of  the  oxyhemoglobin  dissocia¬ 
tion  curves  for  patient  Ped-va,  Fig.  2). 

In  two  patients  In  whom  the  disease  took  a  mild  course  the  oxyhemo¬ 
globin  dissociation  curves  lay  within  the  noimal  range  and  retained  a 
normal  shape  until  recovery.  In  2  patients  the  dissociation  curves  lay 
within  the  normal  range  at  the  beginning  of  the  Illness  and  were  dis¬ 
placed  downward  and  to  the  right  at  recc  eryj  however,  the  oxygen  satur¬ 
ation  and  partial  oxygen  pressure  of  the  arterial  blood  were  elevated 
In  both  patients. 

It  is  very  Important  that  the  PO2  of  the  arterial  blood  increased 
appreciably  almost  all  the  patients  (7  of  8)  durlrig  the  recovery  per¬ 
iod,  this  being  conjoined  with  an  Increase  In  the  percentage  oxygen  sat¬ 
uration;  the  pOg  of  the  venous  blood  exhibited  a  tendency  to  decrease 
at  clinical  recovery  In  the  majority  of  the  patients  (6  of  8). 


Fig.  3*  COo  fixation  curves  for 
patient  Ly-ko  during  the  helgl.t 
of  Botkin’s  disease,  a)  Reduc¬ 
tion  of  blood;  b)  oxidation  of 
blood.  1)  Pressure,  !»■  sm  Hg. 
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Pig.  4.  COo  fixation  curves  for 
patient  ly-ko  during  the  recov¬ 
ery  period,  a)  Reductloi.  of 
blood;  b)  oxidation  of  blood.  1) 
Pressure,  in  mm  Hg, 


The  manr»er  in  which  the  diametrically  opposed  process  -  the  tians- 
port  of  carbon  dioxide  from  the  tissues  to  the  lungs  —  is  effec ted  in 
Botkin’s  disease  remained  unclear.  In  order  to  elucidate  this  problem, 
we  studied  the  carb<m  dioxide  fixation  curves.  We  found  no  data  In  the 
literature  regarding  research  on  the  carbon  dioxide  fixation  curves  tn 
Botkin's  disease.  We  studied  these  curves  In  26  patients.  In  almost  all 
of  them  the  curves  were  considerably  below  normal  at  the  height  of  the 
illness.  Tlie  more  severe  the  course  of  the  disease  and  the  more  inten¬ 
sive  the  jaundice,  the  lower  were  the  curves  located.  The  partial  car¬ 
bon  dioxide  pressure  in  the  arterial  and  venous  blood  was  appreciably 
elevated  in  almost  all  the  patients,  which  indicates  disturbance  of  the 
blood's  ability  to  fix,  transport,  and  release  carbon  dioxide.  In  addi¬ 
tion,  the  Increase  in  the  pOg  of  the  venous  blood  indicates  a  rise  in 
the  partial  COg  pressure  In  the  tissues  (see  the  COg  fixation  curve 
for  patient  ly-ko.  Pig.  3). 

The  carbon  dioxide  fixation  curves  were  displaced  upward,  toward 
nonnallzatlon,  during  the  recovery  period.  Our  attention  is  struck  by 
the  decrease  In  the  pOg  of  both  the  venous  and  arterial  blood,  which  In- 
;  dlcates  a  drop  in  the  partial  carbon  dioxide  pressure  in  the  tissues  and 
lungs  (see  the  COg  fixation  curve  for  patient  I^-ko,  Pig.  4). 

CONCLDSIONS 

1.  Changes  In  the  gas  composition  of  the  blood,  oxyhemoglobin  dis¬ 
sociation,  and  a  carbon  dioxide  fixation  occur  in  acute  virus  hepatitis 
(Botkin's  disease). 

2.  The  following  changes  are  observed  in  the  gas  composition  of  the 
blood:  a  decrease  in  the  oxygen  saturation  of  the  arterial  blood,  a  drop 
in  the  oxygen  content  of  the  venous  blood,  an  increase  in  the  arterlal- 

I  venous  oxygen  difference,  and  a  rise  in  oxygen  utilization  in  the  artei^ 
lal  venous  blood.  All  this  indicates  the  existence  of  arterial  and  ven- 


OU8  hypoxemia. 

3.  The  oxyhemoglobin  dlsaoclatlon  curves  are  displaced  downward 
and  to  the  right  at  the  height  of  the  Illness,  which  Indicates  a  de¬ 
crease  In  the  inlflnlty  of  the  hemoglobin  for  oxygen.  There  Is  also  a 
drop  In  the  partial  oxygen  pressure  of  both  the  arterial  and  venous 
blood,  which  points  to  a  disruption  of  oxygen  transport  and  to  the  ex¬ 
istence  of  tissue  oxygen  starvation  (hypoxia). 

The  hypoxic  manifestations  which  occur  in  Botkin’s  disease,  resul¬ 
ting  from  Infectious  (virus)  Intoxication  and  a  disruption  of  hepatic 
functioning,  are  an  Important  pathogenetic  factor,  which  ma:'  be  trans¬ 
formed  from  sequelae  to  a  positive  agent  with  a  negative  Influence  cn 
the  damaged  liver  and  the  organism  as  a  whole.  It  Is  possible  that  the 
dlsiniptlon  of  oxygen  supply  to  the  tissues,  including  the  damaged  liver, 
plays  a  rather  Important  role  In  the  development  of  complications  such 
as  hepatargla  and  chronic  hepatitis. 

4.  In  addition  to  an  Increase  In  the  percentage  oxygen  saturation 
cf  the  arterial  blood,  the  oxyhemoglobin  dissociation  curves  tended  to 
nonaallze  during  the  recovery  period.  The  partial  oxygen  pressure  of  the 
arterial  blood  rose,  which  Indicated  elimination  of  the  arterial  hypox¬ 
emia.  The  partial  oxygen  pressure  of  the  venous  blood  Increased  In  a 
majority  of  the  patients.  This  latter  Indicates  that  the  tissue  hypoxia 
was  not  elisdnated  In  the  majority  of  the  patients  during  the  period 
when  the  Jaundice  was  moderating. 

5.  Another  component  of  the  respiratory  function  of  the  blood,  cai>- 
bon  dioxide  transport,  Is  also  disrupted  In  Botkin's  disease.  This  is 
Indicated  by  the  downward  displacement  of  the  carbon  dioxide  fixation 
curves  and  the  Increase  In  partial  carbon  dioxide  pressure  in  both  the 
arterial  and  venous  blood.  This  points  to  a  disruption  of  carbon  dioxide 
transport  and  an  acclusilnation  of  this  gas  in  the  tissues. 
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6.  The  preseno-e  of  tissue  oxygen  starvation  during  both  the  height 
of  Botkin's  disease  and  the  recovery  period  makes  it  necessary  to  take 
jail  possible  measures  to  prevent  hypoxia.  Here  wi  refer  primarily  to 
j oxygen- tent  therapy  and  gastrointestinal  or  subcutaneous  administratis n 
^  of  oxygen,  a  strict  bed-rest  regime  being  observed.  Indirect  methods  of 
i  preventing  hypoxia  Include  administration  of  all  drugs  which  act  to  ollm- 

i 

iinate  the  intoxication. 


I 


THE  HOnfGltAIi  FACTOR  AXD  ADAFTATZON  TO  KZPOXIA  IN  TERMINAL  CONDITIONS* 

Q.L.  I^bari 
(Novosibirsk) 

Hypoxia  Is  on*  of  the  most  important  pathological  frctors  (V.V. 
Pashutln,  N.N.  Slrotlnln,  I.R.  Petrov,  A.M.  Chamyy,  et  al.).  In  this 
connection  iboi:%  and  more  attention  Is  being  devoted  to  adaptation  to 
hypoxia  (N.N.  Slrotlnln,  O.Ye.  Vladimirov,  A.N.  Sokolov,  N.V.  Lauer, 

A.  Z.  Kolshlnskiya,  Barcroft,  van  Llr,  et  al. ). 

The  principal  subject  of  oiu*  study  was  adaptation  to  hypoxia.  It  is 
naturally  ISNK^&sible  to  deny  the  great  Importance  of  adaptation  to  a 
decrease  In  the  partial  oxygen  pressure  of  the  Inhaled  air  or  to  Insuffi¬ 
cient  pulnonaxy  ventilation.  However,  as  Is  well  known,  conditions  un¬ 
der  which  other  forms  of  hypoxia  (hemic,  circulatory,  and  tissue)  domin¬ 
ate  may  arise  in  pathological  states.  This  makes  It  Important  to  study 
adaptation  to  endogenous  forms  of  hypoxia,  especially  tissue  hypoxia. 

Hypoxia  always  appears  as  a  component  In  terminal  conditions,  es¬ 
pecially  at  the  onset  of  clinical  death,  when  It  reaches  Its  practical 
limit.  It  peraists  for  an  extended  period  after  complex  treatment  has 
been  administered  to  save  the  patient’s  life  and  restoration  of  vital 
functions  has  begun,  being  most  marked  before  the  diencephalon  resumes 
functioning,  over  an  Intern's!  of  almost  an  hour  after  Independent  res¬ 
piration  is  restored  (V.A.  Negovskly).  Rapid  restoration  of  vital  func¬ 
tions  Is  nevertheless  observed  during  this  period.  This  phenomenon  nat¬ 
urally  Indicates  the  existence  of  hypoxia- adaptive  factors  during  the 
early  stage  of  restoration  of  vital  functions  after  teimlnal  conditions. 
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In  addition  to  Its  theoretical  Interest,  elucidation  of  these  factors 

Ji 

I  Is  of  definite  practical  Importance  In  treating  tennlnal  conditions. 


TABLE  1 

Effect  of  Cortisone  on  Arterial  Pressure  In  He- 


I  l)  Revival  with  callonated  blood;  C)  r.umber  of  experiments;  3)  arterial 
f  pressure;  4)  Initial  (in  mm  Hg);  5)  aft^^r  revival  of  Initial);  6) 

*  maximum  rise;  7)  15  minutes  after  first  breath;  8)  mean,  M;  9)  mean 
I  square  deviation,  a;  10)  mean  error,  m;  11)  differential  error,  t;  12) 
after  administration  of  cortisone;  137  normal  (control). 

As  Is  well  known,  oxygen  starvation  causes  a  complex  range  of  bio¬ 
chemical  changes  In  the  tissues,  Inclviing  liberation  of  a  number  of 
active  products  of  altered  protein  metabolism  (histamine  and  others).  On 
the  basis  of  the  works  of  A. A.  Bogomol’ts,  Selye,  et  al. ,  It  may  be  as¬ 
sumed  that  one  of  the  measures  evolved  for  protecting  against  hypoxia 
will  be  associated  with  mobilization  of  cortlcolds,  which  specifically 
activate  hlstamlnase  and  themselves  Inactive  excess  histamine. 

The  Investigations  conducted  showed  that  administration  of  adrenal 
hormones  stimulates  restoration  of  vital  functions  during  certain  sta¬ 
ges  of  revival.  Thus,  In  revival  with  the  aid  of  catlonated  blood  in¬ 
jected  Into  an  artery  preliminary  cortisone  Injections  ensured  a  higher 
arterial  pressure  at  the  time  when  ocular  reflexes  reappeared  (Table  1). 

As  may  be  seen  from  Table  1,  the  Influence  of  cortisone  on  the,  ar 
terlal  pressure  of  the  revived  animals  was  statistically  reliable.  It 
has  been  demonstrated  that  the  results  produced  by  the  action  of  antl- 
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hlstaralm  3  (suprastlne)  j-n  norma}  Izlng  vital  functions  in  animals  re¬ 
vived  by  arterial  Injection  of  hepartnated  blood  is  equally  reliable 
(Table  2). 

Injection  of  corticoids  and  antihlstames  thus  had  a  favorable  in¬ 
fluence  on  adaptation  to  hypoxia  in  tenninal  conditions.  This  required 
further  analysis.  It  se^ed  vrise  to  employ  a  superficially  contrasting 
variant  -  an  experimentally  Induced  deficiency  in  adrenal  homone  se¬ 
cretion  -  for  this  purpose.  One  possible  method  of  inducing  such  a  de¬ 
ficiency  is  preliminary  bilateral  epinephrectoniy  in  cats. 


Table  2 

Effect  of  Suprastine  on  Arterial  Pressure  in  Re¬ 
vived  Animals 


ij  BeviyaX  conditions;  2)  n\miber  of  experiments;  3)  arterial  pressure; 

4)  initial  (in  mm  Hg);  5)  1  hour  after  revival  of  initial);  6)  mean, 

M;  7)  a«an  square  deviation,  a;  8)  mean  error,  m;  9)  differential  er¬ 
ror,  t;  10)  after  injection  of  suprastlne;  11)  normal  (control). 

The  influence  of  eplnephrectomy  on  the  dynamics  of  revival  after 
lethal  exsanguinatlon  seemed  paradoxical.  Removal  of  the  adrenal  glands 
clearly  promoted  respiration  of  a  number  of  vital  functions:  an  initial 
Increase  in  arterial  pressure,  prevention  of  cardiac  fibrillation  in 
revival  with  catiorsfted  blood,  etc.  However,  most  Important  was  the  fact 
that  respiration  was  restored  twice  as  rapidly  in  the  revived  eplneph^ec- 
tomlzed  animals  (after  3  min  50  sec,  as  against  6  min  30  sec  -  min  In  the 
control).  Wb  might  have  created  the  Impression  that  administration  of 
corticoids  and  eplnephrectomy  facilitate  revival,  but  this  means  that 
they  promote  adaptation  to  hypoxia. 
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In  this  light  attention  was  attracted  by  the  difference  In  the  of- 
fects  which  appear  when  the  time  factor  Is  taken  Into  account.  Adminlc- 

I 

I  tratlon  of  cortlcolds  has  almost  no  effect  on  the  dynamics  of  the  Inl- 

I  tial  stages  of  the  recovery  period,  but  acts  later,  after  reflexes  re- 

I  appear;  Inversely,  eplnephrectomy  stimulates  restoration  of  respiration 
Immediately  before  reflexes  reappear  and  later,  when  diencephalic  func- 

% 

tlonlng  Is  restored,  leads  to  progressive  hypotension,  an  Intensifica¬ 
tion  of  oxygen  starvation,  and  death  an  average  of  an  hour  and  a  half 
after  revival. 

We  must  take  Into  account  the  fact  that  adaptation  to  hypoxia  Is 

% 

^  based  on  peculiar  changes  In  metabolism  during  the  different  periods  of 
revival.  During  the  Initial  period  the  oxidase  system  of  respiratory  en- 

^  zymes  Is  disrupted,  the  oxygen  available  to  the  blood  Is  poorly  utilized 
tissue  hypoxia  develops,  and  anaerobic  glycolysis  becomes  the  basic  en¬ 
ergy  source  (V. A.  Negovskly,  M.S.  Gayevskaya,  et  al. ) .  It  is  clear  that 
we  carnot  discuss  the  stimulating  influence  of  eplnephrectomy  during 
this  period  of  revival  without  taking  into  account  the  interendocrlne 

* 

relationships  of  the  adrenal  glands,  particularly  the  system  formed  by 
Insulin  and  the  counter insulin  hormones  (S.M.  Leytes,  V.S.  Il’in,  G.I. 
Kassil’,  Cory,  Woods,  Hacter,  et  al. ) . 

As  Is  we  ^  known,  eplnephrectomy  leads  to  a  relative  predominance 
of  Insulin.  However,  such  a  shift  In  the  equilibrium  of  the  Insulin- coun 
terlnsulln  system  may  be  achieved  without  disrupting  cortlcold  secretion 
with  the  aid  of  Insulin  stress.  The  experiments  which  we  conducted  (20 
experiments  on  cats)  showed  that  subcutaneous  Injection  of  lnsu..ln  (l-c. 
units/kg)  affectii  the  subsequent  reaction  to  blood-letting  and  revival. 
The  fact  that  the  symtoms  of  stimulation  of  the  early  recover  period  ob¬ 
served  in  epinephrectomlzed  animals  proved  to  be  even  more  marked  aflt-r 
preliminary  injection  of  Insulin  was  extremely  Important.  It  was  shown 
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that  the  stimulating  effect  of  Insulin  Is  temporary  In  character:  when 
the  diencephalon  resuues  function  It  Is  succeeded  by  hypotension  ana 
hypoglycemia  and  the  animal  soon  dies.  Additional  administration  of  cor¬ 
tisone  (3  Injections  in  a  dosa  of  50  mgAg)  eliminates  the  stimulating 
effect  of  Insulin  on  the  dynamics  of  the  early  recovei'y  period. 

It  Is  characteristic  that  In  half  our  experiments  involving  experi¬ 
mental  insulin  deficiency  (alloxan  diabetes  In  rabbits)  we  were  totally 
unable  to  restore  respiration  on  revival  after  lethal  exsangulnatlon. 

In  those  experiments  where  respiration  was  restored  It  usually  appeared 
later  than  In  the  control  experiments. 

Adaptation  to  hypoxia  during  the  initial  period  of  restoration  of 
vital  functions  Is  thus  governed  primarily  by  the  hormonal  effect  of  in¬ 
sulin.  However,  the  action  of  this  adaptation  mechanism  is  brief:  under 
ordinary  revival  conditions  it  is  succeeded  by  the  developing  predomin¬ 
ance  of  cortlcolds  after  reflexes  appear.  This  is  understandable  If  we 
take  into  account  the  fact  that  cortlcolds  promote  normalization  of 
oxidative  processes  (D*Ye.  Al*pem  et  aj.,  Basllo,  Barron,  Levy,  and 
others).  However,  when  severe  tissue  hypoxia  dominates  (during  the  in¬ 
itial  stage  of  revival)  adaptation  results  from  an  intensification  of 
phylogenetically  older  aspects  of  metabolism,  particularly  anaerobic 
glycolysis,  which  may  be  stimulated  by  insulin,  as  was  shown  in  the 
works  of  V.P.  Kcsalssarenko,  Marrac,  lynn,  et  al.  All  this  characterizes 
adaptation  to  hypoxia  in  terminal  conditions  as  a  c<xnplex  dynamic  pro¬ 
cess. 

Experimental  administration  of  hormonal  and  chemotherapeutic  prepar¬ 
ations  has  proved  to  have  a  marked  positive  Influence  on  the  dynamics 
of  restoration  of  vital  functions.  We  are  naturally  faced  with  the  prob¬ 
lem  of  how  far  >  can  intensify  the  adaptive  reactions  of  the  organism 
itself.  In  this  connection  we  investigated  the  influence  of  brief,  pre- 
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1  I'lly  iridu  M  ij  hyp(A(  rujloii  (.'iiKj  thur;  li.ypoxl-ij)  ori  Itth-j]  './.r^oru^ulrio- 


tioii  and  .’.ubiajquf.nt  roatoratlon  of  vital  run'^;t  Ion;:.  We  i/idueed  hypeteri- 
alon  J/i  catc  by  intravenouc  In.Jeetlon  of  arfonad  {O.h-O.C  mi,  1:100).  It 
waa  found  that  the  compcncatln^^  hypertension  pr educed  has  a  faverable 
effect  on  the  dynamics  of  revival  after  lethal  exsanguinatlon.  Recplra- 
tion  v/ac  normalized  more  rapidly  and  arterial  pressure  v/ac  higher  ^Table 
3). 


TABLE  3 

Effect  of  Arfonad  on  Arterial  Pressure  in  Re¬ 
vived  Animals 
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±113 

±43 
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1  KManiioe  (aoMipoab) 

10 

136 

70 

±83 

±?,85 

j  i)  Revival  conditions;  2)  number  of  experiments;  3)  arterial  pressure; 

4)  1  hour  after  revival  of  initial);  5)  initial  (in  mm  Hg);  6)  mean, 

'  M;  7)  mean  square  deviation,  o;  8)  mean  error,  m;  9)  differential  error, 
5  t;  10)  after  injection  of  arfonad;  11)  normal  (control). 


Brief  preliminary  arfonad  hypertension  consequently  promoted  natur¬ 
al  adaptation  reactions  to  hypoxia  in  the  terminal  condition.  An  increase 
in  resistance  to  hypoxia  may  also  result  from  a  pathological  process 
characterized  by  hypoxia.  In  experiments  conducted  (in  conjunction  vith 
M.I.  Kltayev)  vie  showed  tiiat  resistance  to  hypoxia  Increases  as  the  tor'- 
pid  stage  of  burn  or  electric  shock  becomes  more  severe  (200  v;hite  mice). 
This  phenomenon  developes  in  stages:  there  is  a  phase  of  elevated  sensi¬ 
tivity  to  hypoxia  during  the  erectile  period.  Aiiesthesia  prevents  a  build¬ 
up  of  resistance  to  hypoxia  in  shock,  although  Itself  increasing  this  re¬ 
sistance  under  ordinary  conditions. 

To  siM  up,  we  may  state  that  adaptation  to  hypoxia  is  one  of  the 
components  of  the  pathological  process  which  occurs  in  terminal  condi- 
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tions  of  various  types. 
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THE  rWRATION  OF  CLINICAL  DEATH 
A. A.  Sarkisyan,  S.A.  Khachatryan  and  A.B.  Zakharyan 

(Yerevan) 

The  problem  of  revival  Is  part  of  the  general  problem  of  longevity 
which  faces  theoretical  and  practical  medicine. 

As  a  result  of  work  primarily  of  Soviet  scientists  (Andreyev,  Ue- 
gcvskly,  Chechulln,  Bryukhonenko,  Yankovskiy,  Petrov,  Slrotlnln,  Asrat¬ 
yan,  lonkln,  and  others),  the  problem  of  revivification  has  been  raised 
from  the  level  of  mythology  to  become  a  pressing  problem  of  modern  medi¬ 
cine.  It  has  shifted  from  the  laboratory  into  the  clinic. 

Many  data  have  now  been  amassed  on  the  changes  which  occur  in  vari¬ 
ous  functions  of  the  organism  in  terminal  conditions  and  subsequent  re¬ 
vival.  The  Department  of  Pathophysiology  of  the  Yerevan  Medical  Institu¬ 
te  has  for  a  number  of  years  studied  the  functions  of  the  gastrointestin¬ 
al  organs  (Sarkisyan,  1958),  the  bile- producing  function  of  the  liver, 
the  protective-adaptive  reactions  of  the  organism  (Sarkisyan,  Khachatry¬ 
an,  and  Barkhudaryan,  1958,  i960),  the  changes  which  occur  in  the  neur¬ 
ohumors  20  —  histamine  and  acetylcholine  —  and  the  activity  of  the  hem¬ 
ic  enzymes  which  split  them  —  hlstamlnase  and  cholinesterase  (Sarkisyan 
and  Zakharyan,  1962),  and  the  morphological  composition  of  the  peripher¬ 
al  blood  and  bone  marrow  (Sarkisyan  and  Atadzhanyan,  1962)  both  In  ter¬ 
minal  conditions  and  after  revival. 

We  subsequently  study  the  extent  to  which  metabolic  processes  are 
disrupted  and  restored  in  the  brain  tissue  in  terminal  conditions  and 
after  subsequent  revival.  Investigations  conducted  to  study  the  absorp- 

-  465  - 


tlon  of  glucose  aiKi  pyruwite  and  the  liberation  of  lactate  by  brain  and 
muscle  tissue  (A. A.  Sarkisyan,  Q.S.  Khachatryan,  and  S.A.  Khachatryan, 
1962)  clarified  the  extent  to  which  the  metabolic  processes  which  foir. 
the  basis  for  the  functional  activity  of  the  brain  and  the  functions  of 
other  organs  (■oscles,  liver,  stosmich,  salivary  glands,  etc.)  are  dis¬ 
rupted  and  restored. 

The  method  which  we  eisployed,  taking  blood  from  the  carotid  artery 
arid  the  posterior  facial  vein  after  transection  of  the  other  branches 
of  the  r  itemal  J^igular  vein,  made  It  possible  to  sample  the  blood  flow¬ 
ing  from  the  vein  in  a  chronic  experiment  under  dynamic  conditions  with¬ 
out  disrupting  the  cerebral  structures  and  thus  to  follow  the  changes 
in  the  levels  of  the  cooqponents  of  cerebral  carbohydrate  aietabollsm  in 
the  conditions  mentioned  above.  These  Investigations  showed  that  the 
glucose  absorption  and  lactate  elimination  of  the  brain  are  sharply  ele¬ 
vated  'n  the  agonal  state.  The  oxygen  saturation  of  the  blood  from  the 
posterior  facial  vein  was  reduced  by  a  factor  of  only  three  from  that 
observed  under  anesthesia.  These  data  strikingly  demonstrate  that  meta¬ 
bolic  processes  pass  from  the  oxidative  to  the  glycolytic  mode  during 
the  agonal  state  which  precedes  clinical  death.  VIhen  vital  functions  are 
restored  the  brain  absorbs  glucose  to  a  greater  extent  than  under  the 
Initial  anesthesia,  but  to  a  lesser  extent  than  during  the  agonal  period. 
The  oxygen  saturation  of  the  blood  flowing  from  the  brain  approximates 
its  nonnal  background  level  after  5-10  minutes.  When  the  vital  functions 
of  the  brain  are  restored  oxidative  carbohydrate  decomposition  thus  pre¬ 
vails  In  Its  tissues.  Our  Investigations  of  catalase  and  carbonic  anhy- 
drase  activity  in  dogs  In  temlnal  conditions  and  after  revival  (Sarkis¬ 
yan  and  Xhactryan,  1962)  point  to  a  suppression  of  oxidation- reduct ion 
proce&ses  and  respiratory  metabolism. 

We  also  noted  a  change  in  the  quantity  of  mineral  substances  and 


-  466- 


microelements  in  the  venous  and  arterial  blood  In  dogs  during  the  agonal 
stage  and  after  revival  (Sarkisyan,  Aydlnyan,  and  SI. -ivoryan,  1962).  It 
was  found  that  a  new  equilibrium  state  Is  produced  during  the  agonal  per¬ 
iod  and  that  restoration  of  the  normal  state  begins  during  the  first 
few  hours  after  revival. 

All  the  data  cited  above  Indicate  that  a  substantial  disruption  of 
metabolic  processes  occurs  In  the  organism  (particularly  the  brain  tic- 
Gue)  in  hypoxia,  It  Is  observed  both  In  terminal  conditions  and  after 
restoration  of  vital  f'.inctlons. 

The  data  which  we  obtained  and  those  yielded  by  investigations  of 
other  authors  shed  some  light  on  the  problem  of  whether  clinical  death 
(by  exsanguination)  has  a  limiting  duration  of  5-6  minutes  or  vihether  it 
can  be  prolonged  under  certain  conditions. 

The  question  of  the  duration  of  clinical  death  has  attracted  and 
continues  to  attract  a  great  deal  of  attention  from  many  scientists  (Ne- 
govskly,  Bryukhonenko ,  Yankovskiy,  Asratyan,  and  others),  since  it  is  of 
extremely  great  theoretical  and  practical  importance. 

According  to  the  data  of  S.S.  Bryukhonenko,  clinical  death  lasts 
10-12  minutes.  However,  certain  authors  did  not  accept  the  interesting 
data  which  he  obtained,  since  his  experiments  were  conducted  on  puppies, 
which  withstand  oxygen  starvation  better,  and  consequently  were  not  ap¬ 
plicable  to  mature  dogs. 

According  to  the  data  of  E.A.  Asratyan,  clinical  death  may  last  20 
minutes  or  even  longer  in  dogs.  His  investigations  are  of  great  import 
tance,  since  they  reveal  a  number  of  regularities  in  the  terminal  condi¬ 
tion.  However,  his  research  method  was  unusual,  clinical  death  being  in¬ 
duced  by  anemlzatlon  of  the  brain  (by  elevated  pressure). 

According  to  the  data  of  V. A.  Negovskly,  clinical  death  lasts  5-6 
min.  This  author  Induced  clinical  death  by  exsanguination,  which  is  Im- 
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portant  in  the  practical  respect. 

!nie  llteratore  contains  reports  of  revlTal  of  humans  after  5^6  min 
of  clinical  death.  Howver,  restoration  of  vital  functions  occurred  on¬ 
ly  as  far  as  the  "cortical  level"  In  these  cases,  l.e. ,  the  functions  of 
the  cerebral  cortex  were  not  restored  at  all.  The  problem  of  the  durzt- 
tlon  of  clinical  death  thus  remains  a  subject  of  dispute. 

There  are  data  in  the  lltex^ture  which  indicate  that  acclimatlza- 
tlon  to  h^fpoxla  reduces  the  percentage  mortality  among  animals  subject¬ 
ed  to  action  of  Ionizing  radlatlcm  (Orbell  et  al. ).  Great  interest  al¬ 
so  inheres  In  the  observations  of  the  N.N.  Slrotinln,  who  conclusively 
demonstrated  that  acclimatization  to  high-altitude  conditions  is  of  val¬ 
ue  in  treating  various  diseases  (schizophrenia,  elipeptiod  seizures, 
etc. )  and  In  preventing  premature  aging. 

The  data  cited  above  led  us  to  believe  that  it  might  be  possible 
to  prolong  clinical  death  If  the  subjects  were  preliminarily  acclimated 
to  hypoxia. 

The  experiments  were  conducted  on  mature  dogs  kept  at  high  alti¬ 
tudes  for  1-3  years  (at  the  "Aragats"  station,  3200-3500  m  above  sea 
level).  Ih  order  to  compare  the  duration  of  clinical  death  control  ex¬ 
periments  were  perfonned  on  healthy  dogs  kept  in  the  city  of  Yerevan 
(920-950  m  above  sea  level).  The  meteorological  conditions  which  obtain  at 
the  "Aragats"  station  are  shown  in  the  Table. 

Clinical  death  was  induced  by  exsangulnatlon  from  the  femoral  ai> 
tery  and  revival  was  carried  out  by  the  ccmplex  method  developed  by 
V. A.  Negovskly.  The  dogs’  general  behavior  and  body  temperature  were 
monitor'ed  before  and  after  revival;  we  also  investigated  the  morphologi¬ 
cal  pattern  of  the  peripheral  blood  (erythrocyte  and  leucocyte  counts, 
hemoglobin  percentage,  and  leucocyte  formula)  and  (oxyhemometrlcally) 
the  oxygen  saturation  of  blood  taken  from  large  saphenous  vein.  After 


revivnl  W6  recorded  the  snlmals *  resplrstion,  blood  preouure*  and  '-ar— 


dlac  activity. 


TABLE 


Comparative  Monthly  Meteorological  Data  for  the 
"Aragats"  Station 


HI  IV 


VI  VII  VHI  II 
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-luUlOjI  -10^  -Sjl  0.4  34  I  7.0  74  I  S4  -<4 

2  AOcoMOTMii  HaBantyM  Ttmuy^Typti  MMUiyia 
-24  -24  -0.1  3.4  84  124  18.0  184  144  84  34 

U  .lOojNHoraHi  mmniyii  TeHneparypu  Bowyxa 
-284 1-244  i-»4U  124!  -84!  -4.1 1  -84 1  -1.7]  -2.7 1  -74  j  -184' 


^  AOeoMonaa  MaMMom  aoajQria 
24  U  24  3.7  54  84  74  7.0  5.4  44 

5  OnoCMTeaMaa  aisaKaocTk  aoMyxa  (»  %) 
88|e2  TsIsOitO  TbIt?  68{6i|74 


7  CpeaiKM«craoe  AtaMawe  aoiAyxa 


_  180.1  j  678.0  878.8  680.S  6864  8864  686.7  686.1  j  6884 

Month;  ?.)  mean  monthly  temperature;  3)  absolute  maximum  temperature; 
absolute  minimum  temperature;  5)  absolute  moisture  content  of  air; 
relative  humidity  (in  %);  7)  mean  monthly  air  pressure;  8)  atm. 


'  The  results  of  the  experiments  showed  that  dogs  kept  at  an  altitude 

*  of  920-950  m  above  sea  level  can  be  revived  after  clinical  death  lasting 
6  min.  Dogs  kept  at  an  altitude  of  3200-3500  ra  can  be  compltely  revived 
after  clinical  death  lasting  10-12  min.  No  complications  were  observed 
after  revival  In  these  dogs  and  the  clinical  pattern  during  the  post  re¬ 
vival  period  was  similar  to  that  observed  after  clinical  death  lasting 
5-6  min.  No  differences  in  the  morphological  pattern  of  the  peripheral 
blood  or  the  oxygen  saturation  of  the  blood  were  noted  between  the  ex¬ 
perimental  and  control  dogs. 
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The  data  which  we  obtained  give  us  reason  to  assume  t’.iat  animals 
adapt  to  the  reduced  partial  oxygen  pressxire  at  altitudes  of  3200-3500 
m  above  sea  level.  As  is  well  known,  a  number  of  adapti\e  reactions  de- 
velope  in  the  ox^nism  under  hypoxic  conditions :  pulmonary  ventilation 
and  the  respiratory  surface  of  the  lui'sgs  Increase,  there  are  a  number  of 
hemodynamic  shifts,  dissociation  of  oxyhemoglobin  into  oxygen  and  hemo¬ 
globin  is  intensified,  the  tissues  absorb  more  oxygen  from  the  blood 
reaching  then,  and,  in  this  connection,  there  is  a  reorganization  of 
metabolism,  anaerobic  dec capos it ion  coming  to  predominate  (l.R.  Petrov). 
If  the  organism  is  subjected  to  oxygen  starvation  for  an  extended  period 
(at  the  ’’Aragats”  station  in  the  case  in  question)  the  adaptability  of 
the  organism  to  the  action  of  oxygen  deficiency  obviously  Increases.  As 
a  result,  the  functioning  of  the  neurohumoral  organisms  which  mobilize 
the  oi’ganiSB*s  reserves  gradually  Improves.  The  central  nervous  system, 
particularly  the  cortex,  also  adapts  to  hypoxia  under  these  conditions. 
This  observation  is  especially  important  in  explaining  the  data  which 
be  obtained  on  the  comparative  ease  with  which  hypoxia-adapted  dogs 
withsteuid  clinical  death  lasting  10-12  minutes. 
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OXYGEN  DEFICIENCY  IN  BlIHN  INTOXICATION 
Ye.V.  Gubler 
(Leningrad) 

The  Immediate  cause  of  bum  intoxication  is  the  uncompensated  loss 
of  a  considerable  qu'intity  of  skin  (T.Ya.  Ar’yev,  I96I).  This  in  turn 
leads  to  a  number  of  severe  disturbances  of  the  internal  organisms.  Lo¬ 
cal  and  general  oxygen  deficiency  (OD)  plays  a  rather  large  role  in  the 
mechanism  of  both  the  loss  of  skin  and  the  affection  of  the  internal  or¬ 
gans. 

Many  works  mention  development  of  OD  in  burn  shock.  Engel  (1952), 
Buchner  (1956),  Altman  (1955) >  and  Algover  and  Zigrist  (1957)  indicated 
the  presence  of  OD  during  subsequent  periods  of  burn  intoxication.  The 
thorough  experimental  and  clinical  investigations  conducted  by  G.V.  Der- 
viz  and  V.N.  Smldovlch  (1955»  1958)  conclusively  demonstrated  the  exist¬ 
ence  of  OD  in  severe  burn  intoxication. 

Little  research  has  been  done  on  either  the  causes  or  the  impor¬ 
tance  of  oxygen  deficiency  in  burn  intoxication  and  its  role  is  not  taken 
sufficiently  into  account  in  treating  the  sequelae  of  severe  burns. 

Indices  of  OD  in  burn  Intoxication.  As  indices  of  OD  in  burn  intoxi¬ 
cation  we  may  employ  the  accumulation  of  pyruvic,  lactic,  and  other  or^ 
ganic  acids  in  the  blood  and  their  elimination  in  the  urine  (G.F.  Milyu- 
shkevich,  1951;  G.V.  Dervlz  and  V.N.  Smidovlch,  1955,  1958;  V.N.  Smido- 
vich,  1957,  1959,  1962;  Algover  and  Zigrist,  1957). 

G.V.  Derviz  and  V.N.  Smldovlch  (1955,  1958)  suggested  that  the  ex¬ 
tent  of  the  oxygen  deficiency  be  evaluated  from  the  acid- format ion  coef- 
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flcient  of  the  urine.,  i.e.,  from  the  ratio  of  the  total  quantity  of  or¬ 
ganic  acids  to  the  total  quantity  of  nitrogen  present  in  the  urine.  It 
was  shown  (V.N.  Snldovlch,  1957*  1962)  that  In  man  this  coefficient  In¬ 
creases  in  direct  proportion  to  the  severity  of  bum  intoxication. 

« 

We  studied  ^rvlz  and  Smldovlch's  acid- format Ion  coefficient  In 
13  patients,  the  lactic  acid  content  of  the  blood  In  14  patients,  and 
Uhienbruck’s  oxygen  deficit  In  10  patients.  The  latter  Index  was  not  ma¬ 
terially  elevated  in  a  single  one  of  the  24  determinations  made:  It  was 
not  sufficiently  sensitive  for  detection  of  OD  In  burn  Intoxication.  The 
lactic  acid  content  of  the  blood  Increased  regularly  only  during  the 
flr*st  two  days  after  Infliction  of  severe  burns.  According  to  G.V.  Der- 
vlz  and  V.K*  Snldovlch  (1958)  this  OD  Index  Is  Inconclusive,  since  It 
depends  on  muscular  activity  rather  than  solely  on  the  extent  of  the  OL. 
The  acld-fozmtlon  coefficient  was  elevated  in  7  of  the  I6  determina¬ 
tions,  the  Increase  correspcmdlng  well  to  the  severity  of  the  patient's 
clinical  condition. 

An  Indirect  indication  of  postbum  oxygen  deficiency  In  humans  Is 
excess  pulmonary  ventilation  not  corresponding  to  the  basal  metabolism 
level  (E. P.  Zimina).  It  develops  as  a  result  of  an  acceleration  of  res¬ 
piration  and  leads  only  to  excess  ventilation  of  the  dead  air  space 
rather  than  to  excess  alveolar  ventilation. 

In  experiments  on  rabbits  (which  were  resting  when  the  blood  sam¬ 
ples  were  taken)  the  lactic  acid  content  of  the  blood  increased  regular¬ 
ly  after  infection  of  severe  bums  over  205^  of  th  body  area,  reaching 
Its  maxiioum  7-13  days  after  trauma.  According  to  the  data  obtained  In 
G.S.  Penster*s  experliwnts  on  rats,  a  Uhlenbruck's  oxygen  deficit  was 
observed  between  the  2nd  and  l4th  days  after  infliction  of  severe  bums 
over  15-18jI  of  the  body  area  In  40-505^  of  all  cases;  this  deficit  grad¬ 
ually  disappeared  as  the  bums  healed. 
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There  Is  thus  no  doubt  that  OD  occurs  in  bum  intoxication.  Jr, 


humans  acid- formation  coefficient  of  the  urine  proved  to  be  the  most 
sensitive  and  reliable  of  the  post  bum  OD  Indices  which  we  checked.  I-o 
experiments  on  animals  v;e  were  able  to  detect  to  detect  postburn  OD  by 
other  methods  as  well. 

Causes  of  general  OD  in  burn  intoxication.  One  of  the  causes  of  the 
OD  which  occurs  during  bv-rn  shock  is  the  noncorrespondence  between  the 
high  oxygen  requirement  and  the  disrupted  oxygen  supply  to  the  tissues. 
Thus,  in  five  cases  we  were  able  to  determine  basal  metabolism  in  pa¬ 
tients  with  burn  shock  accompanied  by  a  drop  in  arterial  pressure.  In 
four  cases  basal  metabolism  was  elevated  by  10-35^  and  in  only  one  case 
was  it  reduced,  by  37^  (Ye.V.  Gubler  and  E.P.  Zimina,  I962).  L. L.  Chik 
(19^5),  G.V.  Derviz  (1949),  and  M. G.  Danilov  (1950)  noted  a  rise  in  ba¬ 
sal  metabolism  in  traumatic  shock. 

An  additional  source  of  the  OD  which  occurs  in  burn  intoxication 
may  apparently  be  the  burns  frequently  Infected  cn  the  respiratory  pass¬ 
ages  in  fires  and  when  clothing  is  ignited.  V.N.  Khrebtovich’ s  carefully 
conducted  experiments  failed  to  confirm  the  hypothesis  of  Merits  (1945) 
and  others  regarding  the  frequent  development  of  edema  of  the  glottal 
region  following  inflection  of  burns  on  the  respiratory  passages.  It  was 
also  found  that  experimental  flame  burns  of  the  respiratory  passages  in 
cats  lead  to  affection  of  the  lungs,  in  the  form  of  edema  and  atelectasis, 
and  to  the  development  of  arterial  hypoxemia.  The  oxygen  saturation  of 
the  blood  decreased  by  7-54^  during  the  day  after  Infliction  of  the 
burns . 

As  Coup’s  investigations  (1951)  and  the  data  obtained  in  our  labor¬ 
atory  (E.P.  Zimina,  I96O;  Ye.V.  Gubler  and  E.P.  Zimina,  I96?)  showed, 
basal  metabolism  remains  substantially  elevated  during  the  second,  in¬ 
fectious-toxic  period  of  burn  intoxication,  which  lasts  up  to  l-i.5 
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months.  This  Is  apparently  associated  with  the  fact  that  high  fever, 
excess  pulmonary  ventilation,  and  intensified  metabolic  processes  are 
observed  during  this  period.  Tissue  hypoxia  develops  against  this  back¬ 
ground  (Q.V.  Dervlz  and  V.N.  Smldovlch,  1958).  The  known  correspondence 
between  oxygen  demand  and  oxygen  supply  consequently  persists  during 
this  period.  Rapid  development  cf  anemia,  resulting  from  destruction  of 
erythrocytes  at  the  Instant  of  trauma,  may  also  cause  oxygen  deficiency 
at  this  time  (R.L.  Qlnsburg  and  N.N.  Prlorov,  1959). 

Severe  bum  intoxication  Is  frequently  complicated  by  pneumonia. 
According  to  the  dalid  of  V.M.  Plnchuk,  pneumonia  was  observed  In  the  ma¬ 
jority  of  fatalities  during  all  periods  of  bum  Intoxication  except  the 
first  two  days.  Massive  pneumonia  is  apparently  an  additional  source  of 
OD. 

The  descrepancy  between  oxygen  demand  and  oxygen  supply  evidently 
becomes  greater  when  a  hyperthermal  reaction  (body  temperature  above 
39^)  develops;  such  a  reaction  was  observed  In  40^  of  patients  with 
bums  over  105<  or  more  of  their  body  area.  Death  occurred  far  more  fre¬ 
quently  among  middle-aged  and  elderly  persons  when  their  temperatures 
rose  above  39*^  than  when  It  did  not.  Hyperthermia  was  often  observed  on 
the  day  before  death  (Ye.V.  Oubler,  V.M.  Plnchuk,  V. I.  Skorlk,  1962). 

The  discrepancy  between  oxygen  danand  and  supply  may  apparently  In¬ 
crease  during  the  postoperative  period  In  surgical  treatment  of  exten¬ 
sive  bums.  Arts  and  Rice  (1957)  and  Middleton  and  Wolfs  on  (1958)  ail¬ 
ed  attention  to  the  postoperative  cyanosis  which  develops  in  burn  pa¬ 
tients.  As  V. I.  Skorlk' s  observations  showed,  body  temperature  may  drop 
by  2-3.5°  during  autoplasty  in  emaciated  patients  with  extensive  burns. 
External  heating  of  patients  during  the  postoperative  period,  when  hemo¬ 
dynamics  are  frequently  disrupted,  may  lead  to  an  intensification  of 
basal  metabolism  and  development  of  cyanosis  (Middleton  and  Wolfs on, 
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1958). 


9 


1 


Causes  of  local  tissue  hypoxia  In  burn  intoxication.  The  principal 
cause  of  the  tissue  hypoxia  which  occurs  In  the  vicinity  of  a  burn  Is 
apparently  the  damage  inflicted  on  the  oxidative  enzymes  when  they  a:  c 
heated.  However,  as  N.I.  Kochetygov’s  experiments  showed,  It  Is  very 
difficult  to  heat  tissue  and  still  maintain  Its  circulation.  It  Is  pos¬ 
sible  that  the  damage  to  the  erythrocytes  and  their  loss  of  elasticity, 
which  plays  ar  Important  role  in  the  development  of  capillary  stasis 
(S.P.  Botkin,  1859;  Ye.V.  Gubler,  1951 )>  is  one  of  the  causes  of  the 
stasis  which  occurs  In  burns. 

The  reversibility  of  stasis  depends  to  a  large  extent  on  free  In¬ 
flow  and  outflow  of  blood.  Venous  plethora  Is  frequently  observed  in  the 
vicinity  of  burn  (V.F.  Pinchuk),  evidently  being  associated  with  eleva¬ 
ted  intratissue  pressure.  The  latter  may  be  caused  by;  a)  contraction  of 
the  skin  when  burned  (V.I.  Skorlk) ;  b)  tissue  edema,  which  spreads  far 
beyond  the  affected  region;  c)  external  pressure  on  the  burned  areas. 
Tissue  edema  is  especially  marked  when  the  burn  penetrates  into  the  sub¬ 
cutaneous  cellular  tissue,  as  may  be  seen  from  the  results  obtained  in 
statistical  analysis  of  data  on  hemoconcentrat ior  in  burn  patients  (Yc, 
V.  Gubler,  I962). 


Necrotic  processes  are  often  observed  in  •^he  internal  organs,  es¬ 
pecially  the  ;at;omach  and  intestine,  after  severe  burns ;  as  is  well  knovm, 
these  are  characteristic  of  the  general  adaptation'  syndrome  (Selye, 

1951>  i960).  In  burn  "ases  these  affections  are  apparently  based  on  var¬ 
ious  vascular  disturbances  (V.M.  Pinchuk).  They  may  result  from  prolong¬ 
ed  compensatory  spasm  of  the  precapillary  sphincters  In  coiTipensated  or 
uncompensated  shock  (Labor!  and  Ugenar,  195^). 

Very  characteristic  in  this  respect  was  the  12-year-old  female  pa¬ 
tient  from  Tashkent  admitted  te  the  Thermal  Injury  Clinic  of  the  Mlll- 
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3ary-Hedlcal  Ortltr  of  Lenin  Acadeny  iMeni  S.N.  Kirov  in  a  state  of 
jhock.  She  required  three  days  after  trautt  to  cone  out  of  shock.  Ho«ih 
3ver,  after  10  daya  the  developed  gastric  hemorhaging,  which  required 
an  energency  operation.  Two  perferatir^  duodenal  ulcers  were  detected 
luring  surgery*  TSie  operation  was  successful,  but  the  patient  died  after 
one  week  as  a  result  of  an  unfavorable  postoperative  course  conjoined 
with  the  severe  general  conditlcai  produced  by  the  bum  intoxication. 

Local  tissue  hypoxia  may  be  observed  in  kidneys,  the  damage  to 
which,  according  to  Algover  and  Zlgrlst  (1957),  frequently  has  a  hypox¬ 
ic  mechanism.  In  addition  to  ccmplex  and  insufficiently  studied  vascu¬ 
lar  disturbances,  this  renal  hypoxia  based  on  ”renal  glaucoma"  -  a 
sharp  increase  in  the  pressure  beneath  the  renal  capsule  conjoined  with 
edcmia;  the  development  of  this  phenomenon  is  explained  by  the  fact  that 
of  the  fluid  resorbed  in  the  renal  tubules  because  of  damage  to  them 
enters  the  renal  interstitial  tissue  (M.S.  Vovsl,  196I).  The  venous  out¬ 
flow  of  blood  is  disrupted  and  renal  hypoxia  develops.  Local  and  gener¬ 
al  oxygen  deficiency  thus  undoubtedly  occur  in  severe  bum  intoxication 
and  freq'ieritly  play  a  material  role  in  its  development. 

Effect  of  additional  OD  and  ojqygen  therapy  in  bum  intoxication. 
Considering  all  the  material  presented  above,  one  might  conclude  that 
the  capacity  to  withstand  additional  oxygen  deficiency  induced  against 
a  background  of  bum  intoxication  by  other  factors  must  be  reduced.  How¬ 
ever,  it  was  found  that  this  is  not  always  so. 

In  V. I.  Skorik's  experiments  on  cats  it  was  established  that  hour- 
long  hypertonia  involving  a  decrease  in  arterial  pressure  to  4o  mm  Hg, 
induced  by  blood-letting  (with  subsequent  reinjection  of  the  blood  ta¬ 
ken),  is  withstood  just  as  well  by  burned  animals  on  the  day  after 
trauma  as  by  control  animals.  The  survival  time  of  the  burned  animals 
did  not  decrease  after  the  blood-letting.  The  capacity  to  withstand  such 
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-•  hypertonia  gradually  decreased  during  subsequent  periods  of  burn  intox¬ 
ication. 

'  In  experiments  on  rats  G.S.  Penster  discovered  that  3-hour  expo¬ 

sure  to  a  rarefied  atmosphere  corresponding  to  an  "altitude"  of  5-6  km 
i  was  not  only  well  withstand  by  burned  animals  for  a  period  of  10  days, 
i  but  reduced  their  mortality  from  burn  intoxication  during  the  follov;lng 
days;  195^  of  the  rats  exposed  to  the  rarefied  atmosphere  died  of  their 

I 

burns,  while  the  mortality  among  the  control  animals  with  uhe  same 
bums  reached  ^0%. 

Oxygen  therapy,  which  we  administered  during  the  first  few  hours 
after  inflicting  extremely  severe  burns  on  20  rats,  using  pure  oxygen 
under  a  pressure  of  2. 3-2.7  atm  abs  for  three  hours,  did  not  cause  the 
animals  to  survlce  any  longer  than  the  controls.  The  majority  of  the 
rats  died  during  the  therapy. 

Pure- oxygen  therapy,  which  may  be  effective  even  in  tissue  hypoxia 
(V. S.  Shapot  and  G.M.  Prus,  1953),  yielded  no  clear  positive  or  nega¬ 
tive  clinical  results.  12  patlenis  were  given  pure-oxygen  inhalations 
for  one  hour  twice  dally  over  a  period  of  l6-53  days,  primarily  during 
the  infectious- toxic  period  of  burn  intoxication. 

These  effects  of  additional  oxygen  deficiency  and  oxygen  therapy 
in  burn  intoxication  may  be  explained  by  the  fact  that  the  detrimental 
action  of  hypoxia  and  the  positive  effect  of  burn  therapy  are  somehow 
masked  by  the  slmulatneously  developing  toxic  effect  of  oxygen  and  the 
correspondingly  favorable  action  of  hypoxia.  This  effect  is  theoretical¬ 
ly  admissible  for  burn  intoxication,  by  analogy  with  radiation  sickness. 

Oxygen  deficiency  is  ^indoubtedly  of  very  substantial  patholgenetli^ 
importance  in  burn  intoxication  and  this  problem  requires  further  re¬ 
search. 
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INCREASmO  •mu  iSSISTAKCE  OP  ANIMAlfi  TO  THE  TOXIC  ACTION 
OP  EXCESS  OXIOBi  EY  ACCLIMATIZATION  TO  HYPOXIA 

A.  Q.  Zhlronkin 
(Leningrad) 

In  making  an  extended  study  of  the  action  of  elevated  oxygen  pres- 
ore  on  the  organism,  we  encountered  data  tdiich  indicated  that  hypoxic 
ondltlons  play  boii»  role  in  the  mechanism  of  this  effect.  Thus,  in  a  num- 
er  of  experiments  a  decrease  in  resistance  to  hypoxia  was  observed  in 
arsons  shifted  to  breathing  air  after  prolonged  treating  of  oxygen  un- 
ier  elevated  pressure  (A.O.  Zhlronkin,  1955)* 

We  found  confirmatory  data  in  the  literature.  For  example,  Dickens 
(1940,  1946),  Stedy  et  al.  (1945)>  Haggard  (1946),  Mann  and  Quastel 
(1946),  Z.S.  Oershenovlch  et  al.  (1949) ^  A.P.  Panin  (i960)  and  others 
observed  a  depression  of  metabolism  and  of  the  activity  of  the  respira¬ 
tory  enzyme  systems  under  high  oxygen  press  ire. 

At  the  same  time,  it  was  found  that  preliminary  injection  of  cer¬ 
tain  metabolites,  vitamins,  and  respiratory  enzymes  has  a  favorable  in¬ 
fluence  on  the  course  of  oxygen  poisoning  (Massar,  1945;  Z.S.  Oershen- 
ovich  et  al.,  1952;  L.I.  Grachev,  1954;  A.O.  Zhlronkin,  1955;  et  al. ) . 

These  data  gave  us  grounds  for  advancing  the  hypothesis  that  oxy¬ 
gen  starvation  develops  in  the  oxygen-poisoned  organism,  arising  in  the 
same  manner  as  tissue  hypoxia,  as  a  result  of  blocking  of  the  respira¬ 
tory  enzyme  system  by  the  excess  oxygen,  which  hinders  assimilation  of 
oxygen  by  the  cells  and  its  utilization  for  oxidation- reduct ion  process¬ 
es. 
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T.'iklnr  the  ab‘)vc  rnatf  rial  Int'.  a'l'-ount  arid  ealliri;^  attentlori  t'- 
Z.  I.  Barbar.hcva ‘c  data  19^0)  on  the  ifK  roa::fc  v.'hl';h  aoel  Imatlza- 

tlon  to  altitude  producce  in  the  roclotanoe  o/’  anlmalc  to  the  tozlo  ac¬ 
tion  of  the  tissue  poison  hydrocyanic  acid,  we  conducted  several  series 
of  experiments  to  determine  the  extent  of  resistance  to  the  action  of 
high  oxygen  pressure  after  acclirriatl7.atlon  to  hypoxia.  The  results  of 
these  experiments  constitute  the  subject  of  this  report. 

METHOD 

Acclimatization  to  hypoxia  was  carried  on  mice,  guinea  pigs,  and 
cats.  The  mice  and  guinea  pigs  underwent  systematic  (every  other  day) 
"ascents”  to  an  altitude  of  6000 m  for  4-6  hours  In  an  altitude  chamber. 
There  were  three  variants  of  the  acclimatization:  the  mice  v;ere  subjec¬ 
ted  to  25  "ascents"  In  the  chamber  and  the-  guinea  pigs  to  13  and  3*^ 
"ascents."  On  the  third  and  fourth  days  after  acclimatization  ended,  the 
t  animals  were  exposed  to  oxygen  comp’^essed  to  4.5-6  atm  abs. 

Unacclimatlzed  control  animals  were  placed  In  the  high-pressure 
chamber  together  with  the  "acclimatized"  mice  and  guinea  pigs.  In  the 
experliTients  on  cats  data  obtained  for  the  same  animals  before  acclimatl- 
j  tion  to  hypoxia  were  used  as  the  control.  The  time  for  v.'hlch  the  animals 
remained  under  elevated  oxygen  pressure  v/as  determined  by  the  onset  cf 
convulsive  seizures  In  the  experiments  on  guinea  pigs  and  cats.  The  mice 

i 

remained  In  compressed  oxygen  for  40  minutes. 

The  resltance  of  the  guinea  pigs  to  compressed  oxygen  v/as  determined 
from  the  time  required  for  the  first  symtoms  of  oxygen  poisoning  (local 
and  general  convulsive  seizures)  to  appear  and  the  rate  at  v;hlch  their 
rectal  temperature  was  normalized;  the  latter  was  measured  with  a  miaxl- 
mum  thermometer  and.  In  some  experiments,  with  thermocouple  junctions. 

In  the  experiments  on  mice  the  animals'  capacity  to  withstand  sz 
gen  starvation  was  determined  from  the  time  required  for  convulsive 
seizures  to  set  In  and  for  terminal  respiration  to  appear  In  the  first 
mouse  of  each  of  the  groups,  which  consisted  of  4-6  mice.  We  also  noted 
the  total  number  of  mice  In  each  group  which  exhibited  seizures  and  the 
number  of  terminal  mice  at  the  end  of  the  experiment.  We  calculated  the 
mortality  over  one  day  after  the  exposure  to  oxygen. 

The  cats  were  "acclimated"  to  hypoxia  by  reducing  the  oxygen  con- 
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tent  under  nonaal  atmospheric  pressure.  For  this  purpose  a  oat  v/as 
placed  in  a  small  ali^fllled  glass  chamber  with  a  volume  of  3  liters. 

The  chamber  was  Iwjrmetlcaliy  sealed  and  the  carbon  dioxide  released  v/as 
absorbed  by  granulated  sodium  hydroxide  In  a  small  gauze  bag  on  the  bot- 
tan  of  the  chamber.  As  oxygen  was  required  air  Instejid  was  passed  into 
the  chamber  from  a  spirometer.  The  oxygen  content  in  the  chamber  was 
thus  gradually  reduced  and  the  animal  developed  a  progressive  h:/poxemla. 
The  air  inside  the  chamber  contained  5-75^  oxygen  and  1-1. 5?^  carbon  diox¬ 
ide  at  the  end  of  acclimatization.  The  animal  was  removed  from  the  cham¬ 
ber  when  marked  symtoms  of  oxygen  appeared.  The  time  for  which  the  cat 
remained  in  the  chamber  usually  amounted  to  one  to  one  and  one-half 
hours.  All  these  hypoxia  experiments  were  conducted  once  in  one  variant 
and  four  times  in  the  other  on  each  cat. 

One  and  one-half  hours  after  the  single  and  one  day  after  the  four¬ 
fold  hypoxia  experiments  the  cats  were  placed  in  a  chamber  under  high 
oxygen  pressure.  The  cats’  resistance  to  oxygen  poisoning  was  determined 
from  the  time  required  for  general  convulsions  to  appear.  We  repeatedly 
determined  the  onset  time  of  convulsions  in  control  experiments  In  order 
to  exclude  the  adaptive  Influences  of  the  compressed  oxygen.  During  the 
hypoxia  experiment  we  calculated  the  oxygen  demand  for  some  of  the  ani¬ 
mals. 

The  data  obtained  in  the  experiments  on  cats  were  subjected  to  sta¬ 
tistical  proce8Slr.g  by  Wilkinson's  nonparametrlc  pa liv comparison  test 
(Siegel,  1957).  We  used  a  total  of  64  mice,  14  guinea  pigs  and  57  cats. 

EXPERIMENTAL  RESULTS 

Our  Investigations  showed  that  preliminary  acclimatization  of  mice 
and  guinea  pigs  to  "altitude"  Increased  their  resistance  to  the  action 
of  high  oxygen  pressures  with  respect  to  that  exhibited  by  unacclimated 
control  animals  (Table  l). 

It  may  be  seen  from  the  data  in  the  table  that  twice  as  long  was  re¬ 
quired  for  convulsions  to  set  In  In  the  acclimated  mice  as  In  the  con¬ 
trol  animals.  The  number  of  convulsive  seizures  occurring  In  the  acclima¬ 
ted  mice  during  the  first  10  minutes  in  compressed  oxygen  "terminal"  ac¬ 
climated  animals  at  the  end  of  the  experiment  were  also  lower  than  in 
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TABU-  1 


Oxyccn  PolconlJif'  Indlccn  In  Whitt  Mice  after 
Prtllffllnary  Acellraatl/atlon  to  Altitude 


Unf'mmu  W.  V  tji  f4^  103  4^0  703 

TpMMpMMMM  il  17  M  asjl  33  113 


l)  Groups  of  animals:  2)  number  of  mice  in  group;  3)  onset  time;  4)  con¬ 
vulsions  (in  min);  5)  terminal  respiration  (in  min);  6)  number  of  convul¬ 
sive  seizures  in  group  after  10  minutes  of  experiment;  7)  number  of  mice; 
8)  with  terminal  respiration  at  end  of  experiment  (in  %) ;  9)  dying  v;lth- 
In  one  day  after  experiment  (in  %);  10)  control;  11)  acclimated. 


TABLE  2 

Oxygen  Poisoning  Indices  in  Guinea  Pigs  as  a 
Function  of  Acclimatization  Altitude 


l)  Groups  of  animals;  2)  number  of  animals  in  group;  3)  number  of  ani¬ 
mals  exhibiting  convulsions;  4)  local;  5)  general:  6)  mean  duration  of 
latent  period  before  onset  of  convulsions  (in  min);  7)  mean  time  re¬ 
quired  for  normalization  of  rectal  temperature  after  decompression  (in 
min);  8)  control;  9)  acclimated. 


the  control  groups.  The  least  marked  effect  was  in  the  mortality  of  the 
mice  after  the  experiment. 

A  clear  postive  effect  was  obtained  in  the  experiments  involving 
acclimatization  of  guinea  pigs  to  altitude.  While  local  convulsions  de¬ 
veloped  in  compressed  oxygen  in  all  the  control  guinea  pigs,  only  one 
of  the  altitude-acclimated  animals  exhibited  such  seizures.  General  ^'cn- 
vulslons  set  in  later  in  the  "acclimated"  animals  than  in  the  contr  1 
guinea  pigs  and  the  rectal  temperature  of  the  former  was  normalized  more 
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rapidly  (Table  2). 


rm£  3 

Tiae  RMiulred  for  Appearance  of  (bqrgen  Convul- 
slona  in  Gita  as  a  Function  of  Frellsinary 

Qjrpoxia 


1)  Number  of  expoaurea  to  hypoxia;  2)  nioaber  of  cats  In  group;  3)  latent 
period  before  onaet  of  oonvulaiona  (inHin);  4)  before  hypoxia;  5)  after 
hypoxia;  6)  atatiatlcai  reliability,  by  Wilkinson's  method;  7)  one;  8) 
four. 


The  data  obtained  confirm  our  hypothesis  regarding  the  posslblllt 
of  Increasing  resistance  to  the  toxic  action  of  compressed  oxygen  by 
prolonged  acclljBatization  to  hypoxia. 

In  the  experUMnta  on  cats  involving  fourfold  and  even  single  accll- 
iriatlzatlon  to  hypoxia  we  also  established  that  there  was  a  protective 
effect  with  respect  to  oxygen  poisoning.  It  was  found  that  both  single 
acclimatization  conducted  one  and  one>half  hours  before  the  oxygen  ex¬ 
periment  and  four-fold  acclimatization  markedly  (by  a  factor  of  somewhat 
more  than  two)  retarted  the  onset  of  convulsions  In  comparison  with  the 
control  experiments  (Table  3). 

Special  Interest  Inheres  In  the  experiments  Involving  four^fold  ac¬ 
climatization,  since  the  favorable  effect  persisted  for  24  hours  after 
acclimatization  ended. 

One  of  the  Important  ooBq>ensatory  mechanisms  which  occurs  under 
the  toxic  action  of  oxygen  is  apparently  a  depression  of  metabolic  pro¬ 
cesses.  In  this  connection  we  attempted  to  establish  a  relationship  be¬ 
tween  resistance  to  high  oxygen  pressure  and  oxygen  demand.  It  was  found 
that  convulsions  set  In  earlier  at  an  oxygen  pressure  of  6  atm  In  cats 
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with  a  high  oxygen  demand.  Thuc,  convulDionn  began  an  average  ol'  I'^.U 
min  in  cats  requiring  200  to  300  cm^  of  oxygen  (per  kg  jf  body  v/clght) 

o 

over  30  min,  while  cats  requiring  400-500  cm*^  of  oxygen  exhibited  con¬ 
vulsions  after  5  min  (Table  4). 

Acclimatization  to  hypoxia  affected  both  the  oxygen  demand  and  the 
time  required  for  convulsions  to  set  in  (Table  5).  The  Increase  in  the 
latent  period  of  convulsions  which  occurs  in  cats  under  high  oxygen 
pressure  after  acclimatization  to  hypoxia  may  consequently  be  attributed 
partially  to  the  reorganization  of  metabolic  processes  which  occur  as  a 
result  of  repeated  hypoxia. 


TABLE  4 


Time  Required  for  Onset  of  Oxygen  Convulsions 
in  Cats  with  Different  Oxygen  Demands 
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7.6 

1)  Animals  grouped  in  accordance  with  Op  demand;  2)  number  of  cats  in 
group;  3)  oxygen  demand  per  kg  of  body  ^weight  over  30  min  (in  cm^);  4) 
mean  latent  period  of  convulsions  (in  min);  5)  low  level;  6)  moderate 
level);  7)  high  level. 


TABLE  5 


Time  Required  for  Onset  of  Oxygen  Convulsions 
in  Cats  with  Different  Oxygen  Demands  as  a 
Function  of  Acclimatization  to  Hypoxia 
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204 

5 

4254 

348.1 

7,42 

164 

1)  Animals  grouped  in  accordance  with  oxygen  demand;  2)  number  of  cats 
in  group;  3)  oxygen  demand  per  kg  of  body  weight  over  30  min  (in  cm3;  4) 
at  beginning  of  acclimatization;  5)  at  end  of  acclimatization;  6)  latent 
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period  (In  min);  7)  before  acclimatization;  8)  after  acclimatization; 

9)  moderate  level;  10)  high  level. 

DISCUSSION  OF  EXPERZMQITAL  RESULTS 

The  results  obtained  in  our  experiments  clearly  indicate  that  it  ic 
possible  to  increase  resistance  to  the  action  of  compressed  oxygen 
acclimatization  to  hypoxia.  TOiis  increase  in  resistanca  is  apparently 
based  on  the  tissue  adaptative  and  reorganization  of  metabolic  processes 
which  occur  during  acclimatization. 

This  is  indicated  by  the  changes  in  alkali-acid  equilibrium  (O.Ye. 
Vladimirov  et  al.,  1937#  19^0),  the  Increase  in  reduced  glutathione  (I. 

R,  Petrov,  1952),  and  the  intensification  of  respiratory  enzyme  activity 
in  tissue- element  energetics  (Z. I.  Barbasheva,  1952,  I960)  which  result 
from  acclimatization  to  altitude. 

It  seems  to  us  that  adaptation  to  hypcxia  is  simultaneously  adapta¬ 
tion  to  hyperoxla,  since  both  processes  are  based  on  an  adaptation  mech¬ 
anism  at  the  cellular  level. 

The  effect  of  acclimatization  to  hypoxia  is  confirmed  by  d£.ta  ob¬ 
tained  on  accllmatablilty  to  high  oxygen  pressure  by  repeated  exposure 
to  such  pressure  (A.O.  Zhlronkln,  1955)* 

This  fact  also  Indicates  the  ccanmon  character  of  the  effect  of  hy¬ 
poxia  and  hyperoxla  and  creates  two  possible  hypotheses  regarding  the 
role  of  acclimatization  to  hypoxia  in  the  mechanisms  of  adaptation  to 
the  toxic  effect  of  oxygen.  On  the  one  hand,  it  may  be  assumed  that  the 
mechanisms  of  altitude  adaptation  are  nonspecific,  involving  cellular 
adaptation  to  many  detrimental  factors.  On  the  other  hand,  it  may  be  as¬ 
sumed  that  tissue  hyperoxla  is  based  on  "hyperoxlc  hypoxia"  and  that  the 
effect  of  acclimatization  to  hypoxia  is  specific,  acting  to  produce  adaj)- 
tatlon  to  various  forms  of  hypoxia,  including  the  hyperoxic  form.  We  are 
inclined  to  believe  that  the  second  hypothesis  is  closer  to  the  tmith, 
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but  further  research  will  show  how  correct  it  is. 

CONCLUSIONS 

1.  We  have  established  that  it  is  possible  to  increase  resistance 
to  the  toxic  action  of  high  oxygen  pressures  by  preliminary  acclimati¬ 
sation  to  oxygen  deficiency. 

2.  Both  single  and  repeated  acclimatization  to  hypoxia  have  a  pro¬ 
tective  effect  with  regard  to  the  toxic  action  of  oxygen. 

3.  We  discovered  a  correlation  in  cats  between  oxygen  demand  and 
the  onset  time  of  oxygen  convulsions. 
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ROLE  OP  OXYCaSN  IN  REDUCING  THE  UNFAVORABLE  EFFECT  OP 
ELEVATED  CARBON  DIOXIDE  CONCENTRATIONS  OF  THE 

ORGANISM 

T.N.  Zheludkova,  V. P.  Zagryadskiy,  0. Yu.  Sidorov, 
and  Z.K.  Sullmo-Sainuyllo 
( Leningrad ) 

In  a  number  of  cases  professional  activity  Involves  a  prolonged 
stay  In  an  environment  with  an  elevated  carbon  dioxide  content. 

The  effect  of  high  carbon  dioxide  concentrations  on  animals  has 
been  studied  In  comparatively  great  detail  by  many  authors  (P.M.  Al'- 
bltskly,  1911;  I-I-  Golodov,  19^;  V.P.  Zargyadskly,  19^6,  et  al.  ).  I. 

I.  Golodo\  showed  that  elevated  oxygen  concentrations  In  the  Inhaled 
air  reduce  the  toxic  effect  of  high  carbon  dioxide  concentrations  on 
the  organism.  Our  Investigations  of  the  Influence  of  prolonged  exposure 
to  elevated  carbon  dioxide  concentrations  on  animals  revealed  a  depres¬ 
sion  of  metabolic  processes,  which  took  the  form  of  a  decrease  In  oxy¬ 
gen  demand  and  a  suppression  and  inhibition  of  the  activity  of  the  res¬ 
piratory  enzymes  cytochrome  oxidase,  succinic  dehydrogenase,  etc.  This 
gave  us  grounds  for  studying  the  possibility  of  utilizing  elevated  oxy¬ 
gen  concentrations  to  reduce  the  unfavorable  effect  of  elevated  carbon 
dioxide  contents  when  animals  are  kept  fox'*  a  prolonged  period  under  al¬ 
tered  environmental  conditions. 

METHOD 

We  conducted  four  series  of  experiments  on  56  rabbits.  In  two  ser¬ 
ies  we  Investigated  the  Influence  of  a  prolonged  stay  In  an  atmosphere  | 


-  486  - 


with  an  elevated  carbon  dioxide  content  and  in  an  environment  with  - 
vated  carbon  dioxide  and  oxygen  contents.  We  paid  special  attention  to 
elucidating  the  characteristics  of  the  aftereffect.  When  the  gas  compo¬ 
sition  of  the  environment  is  normalized  two  other  series  of  experiments 
were  conducted  to  study  the  reactivity  to  overloads  of  animals  subjec¬ 
ted  to  prolonged  exposure  to  altered  environmental  conditions.  In  these 
experiments  the  carbon  dioxide  content  was  3-5^  and  the  oxygen  content 
32-35^-  The  animals  were  kept  in  the  chamber  for  p  and  10  hours. 

The  rabbits^  frequency  and  depth  of  respiration,  their  reaction  to 
sound  stimuli  (evaluated  from  the  change  in  their  breathing),  an  EKG  at 
the  second  standard  lead,  and  an  EEG  of  the  motor  zone  of  the  cortex 
were  recorded  before  and  after  their  stay  in  the  chamber.  We  also  de¬ 
termined  rectal  temperature.  The  aftereffect  period  was  investigated 
over  1. 5  hr. 

During  the  rabbits'  stay  in  the  chamber  we  followed  their  respira¬ 
tion  rate  and  observed  their  reactions  to  various  types  of  stimuli.  In 
order  to  trace  the  dynamics  of  the  changes  in  respiration,  cardiac  ac¬ 
tivity,  and  cerebral  bioelectric  activity  we  conducted  a  series  of  ex¬ 
periments  in  which  rabbits  inhaled  appropriate  gas  mixtures  through  a 
mask  and  systematically  recorded  all  the  aforementioned  indices. 

In  investigating  reactivity  in  the  third  and  fourth  series  of  ex¬ 
periments  the  rabbits  were  subjected  to  transverse  overloads  in  the 
back-chest  direction.  The  overloads  varied  from  5  to  7  G,  with  a  maxi¬ 
mum  action  time  of  60  sec.  Each  rabbit  was  subjected  to  overload  twice, 
on  the  day  before  it  was  placed  in  the  chamber  and  15  minutes  after  it 
was  removed  from  the  chamber. 

EXPERIMENTAL  RESULTS 

The  results  of  the  experiments  showed  that  the  functional  shifts 
in  the  organism  during  the  aftereffect  period  were  less  marked  when  th* 
animals  were  kept  for  a  prolonged  period  in  an  environment  with  elevat¬ 
ed  carbon  dioxide  (3-5^)  and  oxygen  contents  (up  to  35%)  than  when  thoy 
were  kept  for  the  SEime  length  of  time  in  an  environment  with  an  elt  vat¬ 
ed  carbon  dioxide  content  and  a  normal  oxygen  concentration  (21JC'). 
Shifting  the  animals  from  an  environment  containing  3-5%  carbon  dlc.xl 
and  21^  oxygen  to  normal  atmospheric  air  was  accompanied  by  an  afteref- 


feet,  which  took  the  form  of  a  sharp  drop  In  motor  activity  and  sup¬ 
pression  of  reactions  to  sound  stlmll.  The  aftereffect  period  lasted 
approximately  1-5  hours.  When  the  animals  were  kept  in  an  environment 
containing  3-55^  ^2  aftereffect  period  was  only  half  as 

long,  motor  activity  was  depressed  to  a  considerably  lesser  extent,  and 
reactions  to  sound  stimuli  were  very  marked,  even  greater  than  in  the 
initial  state  in  a  number  of  cases.  Hie  table  presents  data  on  the 
changes  in  respiration  and  heart  rates  in  animals  kept  in  altered  gas¬ 
eous  media  of  varying  conqposltlon. 

It  may  be  seen  from  the  table  that  a  greater  retardation  of  res¬ 
piration  occurred  when  the  animals  breathed  a  gas  mixture  with  elevat¬ 
ed  COg  and  Og  contents  than  when  the  COg  content  was  elevated  and  the 
©2  content  was  nomal.  However,  an  elevated  0^  content  causes  a  more 
marked  acceleration  of  respiration  at  the  beginning  of  the  aftereffect 
and  a  more  rapid  reversion  of  respiration  to  its  initial  state;  one 
hour  after  the  animal  is  removed  from  the  chamber  the  respiration  rate 
drops  below  its  initial  level.  After  breathing  a  gas  mixture  with  an 
elevated  COg  content  and  a  normal  0^  content  for  one  hour  the  heart 
rate  was  retarded  in  comparison  with  the  Initial  state,  while  when  the 
Op  content  of  the  gaseous  mixture  was  raised  to  355^  it  was  slightly  ete- 
vated. 

Changes  (in  in  Respiration  and  Heart 
Rates  in  Rabbits  in  the  Presence  of  an 
Altered  Gaseous  Environment  and  During 
the  Aftereffect  (the  Pjesplratlon  and 
Heart  Rates  in  Normal  Atmospheric  Air 
Are  Taken  as  lOOJt) 
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l)  Composition  of  gaseoui:  environment;  2)  respiration  rate;  j)  during 
stay  in  chamber;  4)  at  beginning;  b)  at  end;  6)  during  aftereffect;  7} 
Inmedlate;  8)  after  1  hour;  9)  heart  rate  1  nour  after  removal  from 
chamber. 

In  the  EKG  an  elevated  carbon  dioxide  content  caused  a  decrease  In 
the  voltage  of  the  R  wave  and  depression  of  the  R  and  T  waves.  Converse¬ 
ly,  when  both  the  oxygen  and  carbon  dioxide  contents  of  the  gaseous  mea- 
lum  were  elevated  there  was  an  Increase  in  the  voltage  of  the  R  and  T 
waves.  The  EKG  rapidly  reverted  to  normal  during  the  aftereffect. 

Being  kept  in  an  environment  with  an  elevated  carbon  dioxide  con¬ 
tent  affected  the  animals’  body  tenperature ,  which  usually  dropped  C.  •- 
1.5^  from  its  initial  level.  The  situation  was  entirely  different  in  an 
atmosphere  with  an  elevated  oxygen  content.  In  the  majority  of  these 
experiments  the  rabbits’  body  temperature  increased  0.5-l-3°-  It  re¬ 
mained  unaltered  in  certain  experiments  and  occasionally  decreased 
slightly. 

Substantial  changes  were  noted  in  the  cerebral  bioelectric  activi¬ 
ty  of  animals  breathing  the  aforementioned  gas  mixtures.  An  elevated 
carbon  dioxide  content  and  a  normal  oxygen  content  caused  initial  ac¬ 
celeration  of  the  8-waves,  this  being  fo? lowed  by  the  appearance  of 
slow  high-voltage  waves.  In  the  majority  of  the  experiments  the  EEG  re¬ 
tained  this  character  after  the  rabbits  were  removed  from  the  chamber. 
The  EEG  was  normalized  slowly,  over  a  period  of  45-70  minutes.  IVhen  th 
oxygen  content  of  the  atmosphere  was  also  elevated  the  changes  in  the 
EEG  were  very  slight.  The  only  noticeable  phenomenon  was  a  slight  ac¬ 
celeration  of  the  8-rhythm.  Shifting  the  animals  to  an  ordinary  atmos¬ 
phere  frequently  caused  rather  substantial  changes  in  the  EEG  pattern. 

However,  all  the  aforementioned  changes  in  the  physiological  func¬ 
tions  studied  became  considerably  more  marked  when  the  animals  w^re  sub¬ 
jected  to  overloads  during  the  aftereffect  period.  In  the  initial  state 


maxlfflum  overload  caused  retardation  of  cardiac  activity  and  respiration 
and  acceleraticm  of  the  ^-potentials  In  the  EEC.  All  these  Indices  were 
rK/rmalized  within  2-5  minutes  after  the  centrifuge  was  stopped. 

The  rabbits  subjected  to  overload  after  being  kept  for  5-10  hours 
In  an  atmosphere  with  an  (X>2  content  exhibited  a  more  severe  Inhibition 
of  respiration  and  cardiac  activity,  changes  Indicating  a  disturbance  of 
myocardial  excitability  and  conductivity  (twinning  of  the  P  and  T  waves, 
depression  of  the  S  wave,  and  prolongation  of  the  P-Q  Interval)  and  a 
rharp  Increase  In  the  tonus  of  the  vagus  nerve  (bradycardia  passing  in¬ 
to  a  slnoaurlcular  block)  appearing  In  the  EKG;  the  EEG  was  depressed 
and  became  areactlve  with  respect  to  sound  stimuli.  Rather  serious  re- 
mote  sequelae  were  also  observed;  these  included  myocardial  failure, 
myocardial  Infarct,  and  paresis  of  the  hind  legs  ar^  Indicated  that  the 
prolonged  exposure  to  elevated  carbon  dioxide  concentrations  caused  con¬ 
siderable  changes  In  the  reactivity  of  the  organism.  Biochemical  inves¬ 
tigations  conducted  after  the  rabbits  had  been  kept  In  this  atmosphere 
for  many  days  revealed  a  depression  of  oxidative-enzyme  activity. 

When  the  oxygen  content  of  the  gaseous  environment  was  raised  and 
the  carbon  dioxide  content  was  kept  at  the  same  level  (3-5/^)  the  ani¬ 
mals'  capacity  to  withstand  overload  (as  evaluated  from  the  changes  in 
respiration,  pulse  rate,  and  the  EKO  and  EEG)  differed  relatively  lit¬ 
tle  from  that  observed  In  the  Initial  state.  The  retardation  of  respira¬ 
tion  and  pulse  rate  on  application  of  maximum  overload  was  essentially 
the  same;  the  changes  In  the  EEQ  were  slight  (some  drop  in  the  voltage 
of  the  P,  R,  and  T  waves  and  respiratory  arrhythmia)  and  the  normal 
pattern  was  restored  2-3  minutes  after  the  centrifuge  was  stopped.  Slow 
high-voltage  waves  appeared  In  the  EEG.  Normallzatlcn  of  the  pattern 
began  after  five-seven  minutes.  Overload  caused  pi^olonged  depression  of 
the  encephalogram  only  In  Isolated  ejq;>erlments. 
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Ttie  experimental  data  cited  above  indicate  that  se^’lous  functional 
shifts  occur  in  the  organism,  especially  In  the  central  nervous  system, 
when  an  animal  is  kept  in  a  gaseous  medium  containing  from  3  to  3^  ^^^r- 
bon  dioxide  for  5-10  hours.  As  our  Investigations  on  humans  shov^ed, 
substantial  functional  shifts  In  the  central  nervous  system  and  the 
analyzers,  which  cause  a  loss  of  working  capacity,  are  also  observed  at 
lower  CO2  concentrations  (1.2-2^)  on  longer  exposure  (1961).  All  this 
forces  us  to  seek  means  of  reducing  the  unfavorable  effect  of  elevated 
carbon  dioxide  concentrations  on  animals  and  on  humans  who  must  remain 
for  extended  periods  In  altered  environments.  For  this  piorpose  we  util¬ 
ized  elevated  (to  35^)  oxygen  concentrations. 

The  experimental  results  cited  above  indicate  that  there  is  a  con¬ 
siderable  decrease  In  the  unfavorable  effect  of  elevated  carbon  dioxide 
concentrations  and  a  curtailment  of  the  aftereffect  period  when  the  oxy¬ 
gen  content  of  the  Inhaled  air  is  raised  to  35^-  We  refrained  from  em¬ 
ploying  higher  oxygen  concentrations  to  provide  maximum  protection 
against  the  possible  toxic  action  of  the  oxygen  itself  on  the  organism. 
Special  emphasis  must  be  placed  on  the  fact  that  an  elevated  oxygen 
content  in  the  Inhaled  air  Increases  the  resistance  of  the  organism  to 
other  factors,  particularly  transverse  excess-G  stresses;  this  resis¬ 
tance  is  considerably  reduced  when  a  gas  mixture  containing  3-55^  CO^ 
and  21^  0^  is  breathed. 

The  mechanisms  by  which  elevated  oxygen  concentrations  reduce  the 
unfavorable  effect  of  hypercapnia  require  more  thorough  investigation. 
Taking  into  account  Al'bitskly’s  hypothesis  of  the  antagonism  between 
carbon  dioxide  and  oxygen  In  the  organism,  it  may  be  assumed  that  oxy¬ 
gen  in  rather  high  concentrations  activates  the  metabolic  processes  de¬ 
pressed  under  the  Influence  of  hypercapnia. 
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OXYGEN  CONSUMPTION  AND  CARBON  DIOXIDE  EL  NATION  IN 


I 


RESPIRATION  UNDER  EXCESS  PRESSURE 
P. F.  Vokhmyanln 
( Leningrad ) 

The  functional  shifts  which  occur  In  the  organism  during  Inhala¬ 
tion  of  pressurized  oxygen  through  a  mask  are  to  some  extent  due  to  the 
development  of  hypocapnia  as  a  result  of  hyperventilation.  This  Is  also 
confirmed  by  the  decrease  In  the  partial  carbon  dioxide  pressure  in  the 
alveolar  air  (N. A.  Agadzhanyan,  M.  I.  Vakar,  et  al. .  I96I;  A. G.  Kuznet¬ 
sov,  1957;  «uid  many  others).  However,  It  has  been  found  that  the  same 
functional  shifts  are  observed  under  these  respiration  conditions  In 
cases  where  pulmonary  ventilation  fails  to  Increase  or  even  decreases. 
In  our  subjects  pulmonary  ventilation  leually  Increased  after  10  min¬ 
utes  of  breathing  oxygen  under  a  pressure  of  300  nan  H2O  through  a  mask 
and  remained  at  this  elevated  level,  especially  after  the  pressure  was 
relieved  (during  the  first  few  minutes).  Investigations  (conducted  by 
Krog)  showed  that  oxygen  consumption  was  less  during  the  first  fl  - 
minutes  after  the  pressure  in  the  mask  was  relieved  and  greater  during 
the  following  fjive  minutes.  It  remained  somewhat  below  the  Initial  lev¬ 
el  In  both  cases,  averaging  582  ml  per  min,  as  against  602  nd  per  min 
initially.  In  eaqperlroents  on  two  dogs  the  oxygen  consumption  during  the 
first  five  minutes  after  the  pressure  was  relieved  averaged  378  nd  per 
min  In  one  and  145  id  per  min  In  th^  other;  during  the  following  five 
minutes  It  averaged  484  and  195  per  min  respectively.  An  Increase  In 
oxygen  consunptlon  over  the  initial  level  was  also  detected  in  isolated 
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experiments,  but  no  relationship  was  noted  between  this  Increase  and  the 

corresponding  shifts  In  pulmonary  ventilation.  Moreover,  If  the  subject's 

functional  state  was  altered  by  a  prolonged  stay  In  an  atiiK>8phere  with  a 

2%  carbon  dioxide  content  subsequent  respiration  under  elevated  pressui»e 

caused  an  Increase  In  pulmonary  ventilation  and  a  further  decrease  In 

oxygen  consumption  (which  averaged  315-3^5  ml  per  min). 

Oxygen  Consumption  and  Carbon  Eloxlde  Elim¬ 
ination  during  Respiration  Iftider  Excess 
Pressure 
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Note ;  The  residual  air  contained  l6.8j^  by 
volume  oxygen  and  3-1^  by  volume  carbon 
dioxide  after  the  experiments.  The  sub¬ 
ject's  capacity  to  withstand  the  respira¬ 
tion  conditions  decreased. 

l)  Minute  of  experiment;  2)  minute  respiratory  volume,  ^mln;  3)  oxygen 
consun?)tlon;  4)  ml/mln;  5)  carbon  dioxide  elimination;  o)  calculated 
from  the  composition  of  the  exhaled  air;  7)  Initial;  8)  under  excess 
pressure  of  300  mm  H^O;  9)  first;  10)  second;  11)  after  relieving  pres- 
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sure;  12)  sixth;  Ij)  the  saioe  experiment  was  repeated  with  respiration 
In  a  closed  system,  but  without  absoiption  of  carbon  dioxide  rrom  the 
exhaled  air;  14)  with  a  mask  overpressure  of  300  mm  HgO;  13)  tenth;  16) 
seventh. 

When  overpressure  was  eii?)loyed  In  the  mask  the  changes  in  gaseous 
interchange  were  determined  by  investigating  the  oxygen  and  carbon  di¬ 
oxide  contents  In  the  exhaled  air,  ordinary  air  being  supplied  to  the 
mask.  Under  these  respiration  conditions  the  changes  in  pulmonary  gas¬ 
eous  Interchange  were  distinguished  by  certain  quantitative  deviations, 
but  there  was  an  Increase  In  the  oxygen  content  and  a  decrease  in  the 
carbon  dioxide  edntent  of  the  exhaled  air  no  matter  when  the  sample  was 
taken. 

Let  us  now  present  the  data  obtained  in  our  investigation  of  sub¬ 
ject  V.  (see  table). 

nils  version  of  the  expex’lment  involving  respiration  in  a  closed 
system  was  set  up  in  such  fashion  as  to  exclude  any  loss  of  carbon  di¬ 
oxide  from  the  monitored  system.  In  both  versions  of  the  experiment 
carbon  dioxide  elimination  and  oxygen  consumption  decreased  when  over¬ 
pressure  was  applied  at  the  mask  (when  ventilation  Increased  there  was 
a  corresponding  decrease  In  the  carbon  dioxide  content  of  the  exhaled 
air).  Both  carbon  dioxide  elimination  and  ox:^gen  consumption  began  to 
Increase  rapidly  after  the  pressure  in  the  mask  was  relieved. 

"Hie  data  thus  obtained  for  animals  differ  little  from  the  afore¬ 
mentioned  results  of  our  experiments  on  humans,  but  the  pressure  in  the 
mask  proved  to  have  a  more  severe  effect  on  the  animals  and  the  changes 
in  their  gaseous  Interchange  were  greater  in  extent.  In  a  number  of  cas¬ 
es  only  traces  of  carbon  dioxide  were  detected  in  the  exhaled  air.  The 
oxygen  content  of  the  exhaled  air  accordingly  varied  little. 

'Hiese  experiments  create  the  impression  that  the  disruptions  of  $ 

gaseous  interchange  which  occur  under  such  respiration  conditions  are 
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based  not  on  changes  In  pulmonary  ventllationj  but  on  the  gaseous  in¬ 
terchange  conditions  in  the  lungs ^  circulation  in  the  vessels  of  the 
pulmonary  circulatory  system  being  disrupted  and  the  quantity  of  circu¬ 
lating  blood  in  the  organism  being  reduced  as  a  result  of  marked  venous 
congestion.  It  is  noteworthy  that  the  oxygen  consui^tion  during  applica¬ 
tion  of  overpressure  at  the  mask  and  after  this  pressure  is  relieved  is 


; correlated  with  the  pressure,  oscillatory  amplitude,  and  frequency  of 


the  pulse.  Chemyakov  (i960)  has  also  noted  that  the  blood-flow  rate 


and  oxygen  saturation  of  the  blood  depend  on  the  pulse  rate  under  these 


"conditions. 


That  gaseous  interchange  depends  on  the  blood  supplied  to  the 
lungs  has  also  been  found  in  direct  observations  made  through  an  arti¬ 
ficial  "window"  in  the  thoracic  wall,  through  which  it  may  be  seen  that 
the  lungs  are  anemized  (decolorized)  when  the  pressure  in  the  mask  is 
increased;  after  the  pressure  is  relieved,  when  the  venous  congestion 
rapidly  breaks  down,  the  lungs  become  hyperemic  and  distended.  This  is 
apparently  associated  with  a  deterioration  of  pulmonary  gaseous  inter¬ 
change  at  the  beginning  of  the  recovery  period,  after  the  pressure  in 
the  lungs  is  relieved. 

The  changes  which  occur  in  the  gas  composition  of  the  blood  when 
the  pulmonary  pressure  is  elevated  are  frequently  evaluated  from  the 
oxyhemometrlc  changes,  which  show  that  there  is  a  decrease  In  the  oxy¬ 
gen  saturation  of  the  arterial  blood.  Blagoverov  and  Saradzheva  (i960) 
and  others  turned  their  attention  to  the  discrepancy  between  the  oxygen 
saturation  and  carbon  dioxide  content  of  the  arterial  blood  and  the 
content  of  these  gases  in  the  alveolar  air  (the  oxygen  content  of  the 
latter  is  hlghi  while  its  carbon  dioxide  content  is  very  low).  Using 
Van  Slyke's  method,  we  observed  an  increase  in  the  oxygen  saturation  of 
the  arterial  blood  (to  21.6^  by  volume)  in  doge  after  increasing  the 


mask  pressure  (although  this  was  not  noted  In  ail  the  subjects).  Con¬ 
versely,  the  oxygen  saturation  of  the  venous  blood  was  sharply  depressed 
througjiout  the  entire  experiment.  After  15  minutes  the  arterial- venous 
oxygen  difference  w«.3  almost  twice  Its  Initial  value.  The  carbon  diox¬ 
ide  content  of  the  venous  blood  varied  little,  but  that  of  the  arterial 
blood  had  dPO{q;>ed  by  6j<  by  volume  after  15  minutes.  As  a  result,  the 
verK3us- arterial  carbon  dioxide  difference  Increased  In  the  same  manner 
as  the  oxygm  difference.  These  differences  still  persisted  4  minutes 
after  the  pressure  In  the  mask  was  relieved.  Blagoverov  and  Saradzheva 
also  obtained  contradictory  results  for  the  changes  In  the  gas  composi¬ 
tion  of  the  blood  in  half  their  subjects.  We  noted  similar  discrepancies 
In  animals  whose  respiration  was  for  various  reasons  complicated  by  as¬ 
phyxia.  It  is  well-known  that  such  complications  are  frequently  ob¬ 
served  in  ezperlMnts  on  humans. 

Oxygen  c<m8\iaptlon  and  carbon  dioxide  elimination  thus  decrease 
under  mask  overpressure.  An  oxygen  deficiency  develops  even  at  sea  lev¬ 
el  or  on  inhalation  of  pure  oxygen,  regardless  of  the  changes  In  pul¬ 
monary  ventilation.  It  Is  caused  by  an  elevated  Intrapulmonary  pressure, 
which  produces  a  decrea,8e  In  the  circulating  blood  volume,  a  drop  in 
the  blood- flow  rate,  and  development  of  venous  congestion.  The  hypoxia 
observed  In  this  case  results  from  Insufficiency  of  oxidative  processes 
(oxygen  starvation).  Hyperventilation  may  intensify  hypocapnia,  but  In 
this  case  the  oxygen  and  carbon  dioxide  contents  of  the  alveolar  adr  do 
not  correspond  to  those  of  the  blood. 

After  the  pre88ui.*e  In  the  mask  Is  relieved  compensation,  restora¬ 
tion,  and  oxygen  absorption  are  somewhat  han?)ered  by  the  pulmonary  hy¬ 
peremia  and  distension  which  develop  during  the  rapid  breakdown  of  the 
venous  congestion. 
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IONIC  SHIFTS  IN  THE  ORGANISM  OF  THE  HUMAN  AliD  ANIMALS  DURINO 
flYPOXIC  PHENOMENA  OF  VARIOUS  ORIGINS  (SUBNOR’',iL  BAROMETRIC 
PRESSURE,  ACCEXERATION,  VIBRATION) 

A.  S.  Barer 
(Moscow) 

Numerous  Investigations  have  been  devoted  to  the  problem  of  the 
Influence  of  hypoxia  on  the  human  organism.  This  problem  has  become 
most  acute  during  recent  years  in  connection  with  the  development  of 
aviation  and  space  physiology.  Study  of  the  intimate  mechanisms  of  reg* 
I  ulatlon  and  conqpensation  of  the  organism's  functions,  including  the 
shifts  In  Ionic  equilibrium  In  the  various  biological  media  of  the  or¬ 
ganism,  is  of  major  interest  in  this  broad- scope  problem. 

Uie  first  studies  devoted  to  this  problem  date  from  the  '30's. 
Thus,  in  1935#  E- S.  Sundstrem  and  0.  Zhlrogoslnts  noted  an  increase  in 
the  potassium  concentration  of  the  blood  plasma  and  a  decrease  in  sod¬ 
ium  concentration  in  experiments  performed  on  animals  under  the  condi¬ 
tions  of  hypoba'’l^- chamber  "ascents"  to  "altitudes"  of  the  order  of 
3000-8000  m  with  exposure  times  ranging  from  three  hours  to  two  months. 
The  extent  of  this  shift  was  related  in  a  certain  way  to  the  altitude 
of  the  ascent  and  the  duration  of  the  disturbance.  Similar  data  were 
obtained  in  a  study  by  Sundstrem  and  Mlkhaells  (1942). 

In  an  experimental  study  completed  in  S. A.  Kapienskly's  laboratory 
on  humans  and  animals  (rats,  rabbits,  dogs)  under  the  conditions  of  hy- 
pobarlc -chamber  "ascents"  to  "altitudes"  of  5500-7000' m  with  various 
ej^osure  times,  1. 1.  Gorelov  (1938)  failed  to  note  any  substantial 
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shifts  In  the  organism’s  ionic  equilibrium.  Only  on  ascents  to  alti¬ 
tudes  greater  than  9000  m  did  the  author  succeed  In  observing  a  consid¬ 
erable  rise  in  potassium  concentration  and  a  minor  decrease  In  the  sod¬ 
ium  concentration  of  the  blood  plasma. 

Iftidertaklng  a  study  of  acid- base  equilibrium  In  the  human  organism 
under  the  conditions  of  siibnormal  barometric  pressure,  I.l.  Dedyulln 
(1940)  noted  a  certain  Increase  in  the  potassium  concentration  of  the 
blood  plasma  after  sojourns  In  the  hypobarlc  chamber  at  an  "altitude" 
of  6000  m  lasting  6  and  24  hours  (from  17.2-23.4  mgj^  In  the  initial 
state  to  18.5-27.1  mgj^  after  six  hours  of  exposure  and  to  I7.8-29.8  mgj^ 
after  24  hours'  exposiire) 

In  a  study  performed  on  rabbits,  M.  I.  Belogorskly  (1947)  observed 
no  shifts  In  l^e  potassium  and  sodium  concentrations  In  the  blood  plas¬ 
ma  after  hypobarlc -chamber  "ascents"  by  animals  to  "altitudes"  of  the 
order  of  4000-6000  n  with  exposure  tines  of  6-8  hours. 

In  astudy  made  In  1955^  Pratt,  Snlth  and  Ferguson  noted  in  experi¬ 
ments  on  rats  that  after  the  animals  had  spent  30  minutes  at  altitudes 
of  8,  9f  10  and  11. 7  thousand  meters,  the  plasma  potassium  concentration 
has  dropped  to  8. 2-22JJ,  respectively,  while  It  increases  by  51^  on  "as¬ 
cent"  to  an  "altitude"  of  13-3  thousand  meters.  In  adrenalectoralzed  ani¬ 
mals,  these  shifts  were  smoothed  out  considerably  In  some  cases,  and 
this  enabled  the  authors  to  confirm  an  essential  point  In  the  relation¬ 
ship  betwean  mineral  metabolism  and  adrenal  function. 

In  view  of  the  urgency  of  study  of  the  organism's  lonlc-equill- 
brlum  shifts  for  understanding  of  certain  mechanisms  In  tiie  regulation 
and  compensation  of  functions  In  hypoxia,  and  also  In  view  of  certain 
contradictions  in  the  literature  data  on  this  question.  It  appeared  to 
us  expedient  to  Investigate  the  potassium- sodium  equilibrium  In  the  hu¬ 
man  organism  In  various  forms  of  hypoxia  under  the  conditions  of  aero- 
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nautical  and  space  flight. 

The  present  consnunication  sets  forth  data  from  a  number  of  our  in¬ 
vestigations,  in  which  the  plasma-photometry  method  was  used  to  deter¬ 
mine  the  concentrations  of  sodium  and  potassium  ions  in  various  fluid 
media  of  the  organism  (blood  plasma,  urine  and  saliva)  undex’  subnormal 
barometric  pressure  and  the  effects  of  acceleration  and  vibration.  It 
is  our  view  that  an  elemen’;  of  hypoxia  is  present  In  one  form  or  anoth¬ 
er  In  all  of  these  disturbances,  which  are  Inherent  to  the  problems  of 
contemporary  aviation  and  astronautics. 

Five  specimens  of  urine  (taken  before  the  "ascent"  and  every  40-50 
minutes  thereafter)  from  humans  "taken  up"  In  a  hypobarlc  chamber  to 
"altitudes"  of  5000  m  {30  minutes)  and  6000  m  (15  minutes)  were  anal¬ 
yzed.  Saliva  was  collected  by  means  of  a  Leshll  capsule;  before  the 
"ascent,"  during  the  first  15  minutes  of  the  stay  at  "altitude,"  during 
the  subsequent  15  minutes  of  the  stay  at  "altitude"  and  after  the  "des¬ 
cent  to  the  ground"  (two  specimens  with  a  10-mlnute  interval) (A. 3.  Bar¬ 
er  and  E.V.  Yakovleva,  1962).  A  total  of  26  persons  were  studied  in 
"ascents"  to  5000  m.  All  of  them  shewed  good  tolerance  to  this  disturb¬ 
ance. 

The  nature  of  the  shifts  that  appeared  In  the  sodium  and  potassium 
concentrations  in  the  urine  is  shown  in  Table  1  for  this  group  of  in¬ 
dividuals.  As  will  be  seen  from  the  table,  distinct  shifts  in  the  pro¬ 
portions  of  the  components  under  study  have  Intervened  after  the  thirty- 
minute  sojourn  at  the  "altitude"  of  5000  ra.  The  sodium  concentration 
shows  a  tendency  to  diminish,  and  that  of  potassium  to  Increase,  al¬ 
though  these  shifts  are  still  absen^  in  the  first  specimen  taken  after 
the  disturbance,  and  appear  quite  clearly  only  in  the  second  portion. 

The  changes  in  the  Na/K  ratio  ar^"  clearest  here.  As  concerns  the  Ionic 
shifts  in  the  saliva,  a  distinct  rise  in  the  concentrations  of  potas¬ 
sium  and  sodium  is  noted  during  the  first  15  minutes  of  the  sojourn  "at 
altitude. "  During  the  next  15  minutes,  the  sodium  and  potassium  concen- 
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trations  decrease.  However,  Uie  potassium  concent’-ation  remained  above 
the  Initial  level.  It  is  seen  fr(»  the  next  two  specimens  taicen  that  In 
the  first  twenty  minutes  after  the  "ascent,”  the  potassium  concentra¬ 
tion  showed  a  tendency  to  return  to  the  initial  level,  while  the  sodium 
concentration  still  remained  subnormal  during  this  period  (Table  2). 


TABLE  1 

Suiiiaa3?y  Data  on  Change  in 
Concentrations  of  Potas¬ 
sium  and  Sodium  in  Urine 
After  30-mixaite  Stay  at 
"Altitude"  of  5000  m 


1)  Specimen  No.;  2)  sod¬ 
ium  concentration  (in 
3}  potassiiam  con¬ 
centration  (in  mgjt);  4) 
disturbance. 


A  gro\4>  of  24  persons  was  studied  in 
ascents  to  6OOO  m;  of  these,  18  shewed 
good  tolerance  for  the  disturtance,  while 
the  six  others  showed  lower- than- rK>nDal 
stability  to  this  degree  of  hypoxia.  Clin¬ 
ically,  this  lower  stability  nanifested 
in  palor,  hyperhidrosis,  a  drop  in  arter¬ 
ial  pressure  and  a  slackening  of  the 
pulse,  and  in  one  case  these  phenomena 
were  accon^anied  by  temporau^y  loss  of 
ccaisciosness.  It  should  be  noted  that  all 
individuals  "taken  up"  in  the  hypobarlc 


TABLE  2 

Ionic  Shifts  in  Saliva  of 
Test  Subject  K-v  during 
"Ascent"  to  "A.ltitude"  of 
5000  m 


11  3 

i  17#  HAS 

ai* 

1  31#  173# 

ail 

1  lai  kUS 

a« 

4  31.1  IM# 

an 

I  11.1  im# 

am 

1)  Specimen  No.;  2)  sod¬ 
ium  concentration  (in 
3}  potassium  con¬ 
centration  (in  fflg^). 


chamber  to  an  "altitude"  of  6OOO  m  haa 
been  "lifted"  to  am  "altitude"  of  5000  m 
two  to  four  days  previously. 

Summary  data  on  the  changes  in  the 
concenti^tions  of  the  substances  being 
investigated  in  individuals  with  good 
tolerance  for  this  disturbance  are  pre¬ 
sented  in  Table  3-  As  will  be  seen  from 
Table  3/  this  "ascent"  did  not  produce 
substantial  shifts  l**  the  proportions  of 
the  compor^ntB  being  studied.  Thus,  the 


Na/K  ratio  reraalr^d  close  to  the  initial  value.  As  concerns  the  changes 
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that  took  place  In  persons  with  lowe^  tolerance  for  this  type  of  dls- 
tiirbance,  a  distinct  shift  toward  lower  sodium  concentration  and  higher 
potassium  concentration  was  noted  In  these  Individuals.  Thus,  the 
concentration  ratio  dropped  from  3-2  In  the  first  5aji?>le  to  1-7  In  the 
third. 


TABLE  3 

Sunmary  Data  on  Changes 
In  Potassium  and  Sodium 
Concentrations  In  the 
Urine  after  15-ralnute 
Sojourn  at  "altitude" 
of  6000  m.  In  Indivi¬ 
duals  with  Good  Toler¬ 
ance  for  this  disturb¬ 
ance 


1 

M  Mr 

j 

Ite/K 

X 

TTzrsr I 

:?  1 

3  .. 

1 

SiU 

226.1 

17 

Awirt* 

— 

— 

CTMie 

1 

493,4 

206.7 

IS 

3 

mi 

200.7 

16 

4 

mi 

196.7 

2.7 

S 

1 

482.1 

203.5 

24 

L)  Sai^ple  No.  ;  2)  sod- 

Thus,  hypoxia  Induced  by  "ascents"  in 
the  hypobarlc  chamber  Is  accompanied  by  ion¬ 
ic  shifts  In  the  direction  of  hl^er  potas¬ 
sium  Ion  concentration  and  lower  sodium  ion 
concentration.  Repeated  "ascents"  even  to 
higher  "altitude"  are  accornpanled  by  shifts 
smaller  than  the  primary  ones,  something 
that  we  can,  in  all  probability,  attribute 
to  adaptation  phenomena,  and  only  in  cases 
of  low  tolerance  did  these  shifts  also  re¬ 
main  distinctly  manifest  in  disturbances 
subsequent  to  the  first. 


3)  potassium  con¬ 
centration  (in  mg^);  4) 
disturbance. 


The  Ionic  shifts  accompanying  accel¬ 
eration  were  studied  In  experiments  on  ani¬ 
mals  (rats)  and  humans.  Four  series  of  ex¬ 
periments  were  performed  on  the  anirpals,  with  an  acceleration  of  lOg 
applied  for  1  minute.  The  acceleration  acted  In  the  tall-to-head  direc¬ 
tion  In  the  first  series,  in  the  head-to-tall  direction  in  the  second, 
and  in  the  dorsal- ventral  direction  in  the  third,  while  In  the  fourth 
series  of  experiments  the  same  magnitude  of  acceleration,  directed 
along  the  tall-to-head  axis,  was  studied  as  a  repeatedly  applied  factor 
(4  times  a  day  for  a  month).  The  ionic  proportions  were  determined  in 
the  blood  plasma,  which  was  collected  after  decapitation  performed  im¬ 
mediately  after  the  centrifuge  was  stopped. 

The  typical  Ionic  equilibrium  shifts,  taking  the  direction  of  in¬ 
creased  potassium  Ion  concentration  and  decreased  sodium  ion  concentra- 
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tion,  were  observed.  These  shifts  were  noted  nost  distinctly  in  these 
experiments  in  which  the  blood  supply  to  the  brain  had  been  disturbod 
to  the  greatest  degree,  that  is  to  say,  with  the  accelerations  directed 
along  the  tail-to>head  and  head-to-tail  axis.  In  the  case  of  multiple 
applications  of  the  acceleration,  a  certain  graduation  was  observed  in 
the  developBsnt  of  this  roaction.  Thus,  after  20>30  applications,  when 
certain  ad^tation  phenomena  came  into  evidence,  the  severity  of  the 
ionic  shifts  was  lower.  Subsequently,  these  shifts  again  intensified, 
coincidentally  with  a  breakdown  of  adaptation,  which  was  judged  from  a 
cooqplex  of  symptoms  (Bsrtr,  1933). 

The  othsF  studies  were  made  with  43  persons  (Barer  and  Yakovleva, 
i960}.  Ihe  subjects  were  given  repeated  doses  of  acceleration  directed 
along  the  spinal  axis,  38  for  30  *ec,  5g  for  30  sec,  6g  for  30  sec  and 
7g  for  30  see,  with  intervals  of  3*10  minutes.  In  most  cases,  the  potas¬ 
sium  and  sodium  concentrations  were  determined  in  the  urine,  and  less 
often  in  the  saliva.  The  urine  was  collected  by  portions  with  40-30- 
mlnute  intervals.  Ihe  first  four  samples  were  collected  before  the  dis¬ 
turbance  and  the  last  four  after  the  disturbance.  The  saliva  was  col¬ 
lected  by  the  same  method  as  used  in  the  hypobeuplc- chamber  "ascents, " 

In  four  portions:  before  the  disturbance,  during  the  time  of  the  3-and 
5-g  acceleration  disturbances,  during  the  6-  and  7-g  disturbances  and 
after  the  experiment  had  been  coii9}leted. 

Distinct  changes  in  the  proportions  of  sodium  and  potassium  ions 
were  observed  in  all  cases.  The  concentration  of  potassium  ions  In- 
cjTeased  in  the  urine  and  the  saliva,  while  the  sodium  loii  concentration 
decreased,  with  the  shift  most  distinct  in  individuals  with  low  toler¬ 
ance  to  this  disturbance,  manifesting  in  the  usual  visual  disturbances 
and  sometimes  even  in  loss  of  consciousness  (Tables  3  and  4). 

The  investigation  of  the  ionic  shifts  in  humans  subject  to  vlbra- 
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TABLE  4 

Change  In  Concentra¬ 
tion  of  Sodium  and  lO- 
tasslum  In  Urine  of  Hu- 
fmans  with  good  Toler- 
lance  of  Acceleration 


1 

A 

r\ 

C 

—  -4 

Tzsr 

KWK 

1 

44C.I 

177,1 

2.96 

2 

4».2  j 

ITM 

2J6 

3 

W 

18S.I 

2j68 

4 

4i3.0 

tM.7 

234 

4ii.s 

191.1 

235 

'  • 

4S0i» 

tICjO 

233 

■  7 

242.7 

2.19 

• 

437J 

UHI 

2.4S 

tlon  disturbances  (10  cycles  at  an  amplitude 
of  0.8  mm  for  45  minutes  and  60  cycles  at 
an  an?)litude  of  0.4  nn  for  45  minutes)  was 
also  made  with  the  urine  and  the  saliva, 
with  the  saliva  collected  before,  after  and 
during  the  disturbance. 

A  total  of  15  persons  (men)  partici¬ 
pated  in  the  experiments.  The  clearest 
shifts  In  the  direction  of  Increased  potas¬ 
sium  concentration  and  decreased  sodium 


1)  Specimen  No.  ;  2)  sod-  concentration  were  observed  precisely  In 
ium  concentration  (in 

nig^^)j  3)  potassium  con-  the  saliva.  No  essential  differences  were 
centratlon  (in  mg^);  4) 

disturbance.  to  be  noted  In  the  concentration  changes  of 


TABLE  5 

Chainge  In  Concentra¬ 
tions  of  Sodium  and  Po¬ 
tassium  In  Urine  of  In¬ 
dividuals  with  low  Tol¬ 
erance  for  Acceleration 


M  no^ 
UK 

1 

Kcavcwrpa- 
WM  MTpn 
(•  Mt%) 

2 

K«MeirrtM- 

lt«  KiJm 
<■  -■♦%) 

3 

Nl/K 

1 

511.9 

181.6 

339 

2 

564.9 

140.1 

438 

1  3 

4  4 

.  582.3 

209,4 

3.25 

5033 

211.5 

230 

BosjkA- 

— 

— 

— 

CTWie 

5 

502.! 

196,1 

2.80 

6 

♦  19.0 

248.3 

138 

7 

4n3 

263.8 

236 

8 

4663 

2183 

2.23 

l)  Specimen  No.;2)  sod¬ 
ium  concentration  (in 
ni^);  3)  potassium  con¬ 
centration  (In  mgj^);  4) 
disturbance . 


the  subject  substauices  during  the  vibration 
disturbances  at  the  different  frequencies 
(Table  5). 

It  Is  seen  from  the  studies  performed 
that  all  three  types  of  disturbance  -  "as¬ 
cent  "  in  the  hypobarlc  chamber,  accelera¬ 
tion  and  vibration  -  are  accompanied  by 
shifts  of  the  same  type  in  the  proportions 
of  sodium  and  potassium  Ions  In  the  human 
and  animal  organism. 

In  our  opinion,  these  features  In  com¬ 
mon  to  the  response  reactions  of  the  organ¬ 
ism  when  disturbed  by  various  stressors  can 


also  be  accounted  for  by  the  fact  that  oxygen  starvation  of  vitally  Im¬ 


portant  organs,  and  primarily  of  the  brain,  were  observed  In  all  three 
cases.  Only  In  the  hypobarlc- chamber  "ascents"  did  this  take  the  form 
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of  hypoxic  hypoxia;  In  the  case  of  the  acceleration  dlcturbance- ,  it 
was  hypoxia  of  the  circulatory  type,  and  In  the  vibration  disturbances; 
It  was  obviously  of  the  Mixed  type,  with  contributions  both  from  hemo- 
dymnic  derangeaents  of  the  reactions  and  from  disturbances  to  the  pro¬ 
cesses  by  which  the  tissues  a^isiMilate  oxygen.  Also  to  be  remembered  Is 
the  fact  that  changes  in  the  aodi*<nB  and  potassium  Ion  concentrations  In 
the  Intertiaaue  fluid  depend  primarily  on  the  permeability  of  the  cell 
men^ranes  to  these  ions. 
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RESISTANCE  OF  RATS  TO  HYPOXIA  IN  ACUTE  RADIATION  SICKNESS 
S.V.  Gasteva,  K-P.  Ivanov  and  D.  A.  Chetvernlkov 

( Leningrad ) 

The  action  of  various  forms  of  hypoxia  on  Irradiated  anlinals  has 
been  studied  In  a  nuntoer  of  works.  In  the  majority  of  cases  the  authors 
were  Interested  In  hypoxia  as  a  factor  Influencing  the  course  and  out¬ 
come  of  the  radiation  affection  (Bychkovskaya,  Strelln,  Shlffer,  1956; 
Blagovestova  et  al. ,  1957;  Berokonskly,  1959;  et  al.  ).  Research  In  this 

>  direction  naturally  paid  little  attention  to  the  reaction  of  Irradiated 

* 

’  animals  to  hypoxia.  There  are  only  a  few  works  devoted  to  this  problem. 

Smls  and  Smls  (1955)  detected  an  Increase  In  resistance  to  hypoxia 

.  In  mice  Irradiated  In  doses  of  325  and  700  r.  Konstantinov  (1955)  showed 
that  resistance  to  hypoxia  Is  elevated  one- two  days  before  death  In 
mice  Irradiated  In  a  dose  of  1000  r.  Newsom  and  Klmeldorf  (195^)  estab¬ 
lished  that  the  survival  rate  among  rats  kept  for  four  hours  In  a  pres¬ 
sure  chamber  at  an  "altitude"  of  the  order  of  8000  m  or  more  rises  con¬ 
siderably  on  the  first-third  day  after  Irradiation  In  doses  of  500-600 
r.  This  effect  was  less  marked  at  lower  "altitudes. "  The  authors  be¬ 
lieve  that  this  Increase  in  survival  rate  results  primarily  from  starv¬ 
ation,  since  severe  anorexia  Is  observed  In  Irradiated  animals  during 
this  period.  They  showed  that  rats  starved  for  72  hours  are  almost  as 
resistant  to  hypcxla  as  irradiated  animals.  However,  the  authors  did 
not  advance  any  hypotheses  regarding  the  causes  of  the  Increase  in  re¬ 
sistance  to  hypoxia  which  occurs  on  the  day  after  irradiation. 

The  characteristics  of  the  reaction  of  the  Irradiated  organism  to 
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hypoxia  thus  requires  further  study,  iliis  problem  11;  of  Intei-e.j, , 

since,  firstly,  the  action  of  hypoxia  may  be  employed  as  a  functional 
test  which  enables  us  to  elucidate  certain  aspects  of  the  patho?£ene:ji.. 
of  radiation  sickness  and,  secondly,  information  on  the  sensitivity  of 
irradiated  animals  to  oxygen  deficiency  is  of  undoubted  practical  inter¬ 
est. 

In  this  connection  the  principle  task  of  the  work  described  herein 
was  investigation  of  the  changes  which  occur  in  the  resistance  of  white 
rats  to  hypoxia  throu^out  the  entire  course  of  acute  radiation  sick¬ 
ness  and  an  atteiq>t  to  claidlfy  certain  of  the  pathophysiological  mech- 
a^iisms  underlying  them.  We  studied  the  survival  times  of  rats  kept  in  a 
pressure  chamber  at  various  "altitudes."  V/e  also  measured  the  animals' 
body  te»^;>ereture  and  determined  their  gaseous  interchange  while  breath¬ 
ing  atmosjdieric  air  and  in  hypoxia.  « 

METHOD 

Male  white  rets  of  the  Wistar  strain  weighing  200-250  g  were  sub¬ 
jected  to  whole-body  x-lrradlatlon  in  a  dose  of  750  r  (on  a  RUI':-!!  ap¬ 
paratus  at  190  kv  and  20  ma,  with  a  0. 5  Cu  +  0. 5  A1  filter  and  a  dose 
rate  of  8.3  r/filn).  Individual  groups  of  rats  were  "taxen  up"  in  a 
pressure  cha]ri>er  iimaediately  after  irradiation  and  after  3,  6,  12,  2‘^, 
48,  72,  and  96  hours  An  "ascent"  to  a  pressure  of  140  mm  Hg  (an  alti¬ 
tude"  of  iq>proxiiiately  12,000  m)  was  carried  out  over  five  minutes, 
with  five  30-»econd  halts.  Hie  "ascent"  was  discontinued  on  reaching  a 
pressure  of  140  mm  Hg  and  determination  of  the  animals'  survival  time 
at  this  "altitude"  (to  an  accuracy  of  within  15  sec)  began  at  that 
point.  Hie  rats  were  Judged  dead  when  their  respiratory  movements 
ceased.  Two  or  three  irradiated  rats  and  the  same  number  of  control  an¬ 
imals  were  taken  up  together.  The  rats’  weight  and  rectal  temperature 
were  determined  before  the  "ascent. " 

Gaseous  Interchange  was  investigated  by  two  methods.  The  ordinary 
chamber  method  involving  analysis  of  the  air  In  a  Holden  apparatus  was 
employed  to  determine  the  oxygen  consunqptlon  rate  In  breathing  atmo¬ 
spheric  air.  For  this  purpose  we  measured  the  gaseous  Interchange  of 
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i  the  same  rat  for  a  period  of  three  days  before  irradiation  and  then  at 
I  the  same  Intervals  at  which  we  determined  survival  rate  (0,  3»  i'^> 

!  24,  48,  72,  and  96  hours)  after  irradiation.  Kalabukov's  method  (1931) 
j  Involving  automatic  oxygen  supply  was  used  to  determine  gaseous  Inter- 
I  change  in  breathing  a  gas  mixture  with  a  reduced  oxygen  content.  For 
I  this  puiTpose  12  or  72  hours  after  irradiation  the  experimental  and  con- 
■  trol  rats  were  placed  in  a  special  gaseous  Interchange  chamber  and 
their  oxygen  consun?>tlon  in  breathing  at mo spheric  air  was  determined. 

*  The  air  in  the  chamber  was  then  replaced  by  a  gas  mixture  containing  7- 
j  7.8%  oxygen,  which  corresponds  to  a  pressure  of  the  order  of  250-260 
I  mm  Hg  or  an  ^’altitude"  of  approximately  8000  m,  for  1-1.5  minutes. 

A  total  of  211  control  and  24l  irradiated  rats  were  used  In  our 

work. 

I  EXPERIMENTAL  RESULTS 

^  At  the  dose  which  we  en?)lojed  the  rats  exhibited  marked  gastroln- 

testlnal  disturbances  three  days  after  irradiation;  approximately  80 
i  hours  after  Irradiation  the  rats  began  to  die  en  masse,  so  that  no  more 
j  than  25-305^  of  the  irradiated  animals  survived  to  the  end  of  the  fourth 

i  Table  1  shows  data  on  the  ch&nge  in  the  resistance  of  rats  to  hy¬ 
poxia  at  various  Intervals  after  irradiation.  These  results  were  pro¬ 
cessed  by  the  sieve  met..od,  whlCi  made  it  possible  to  determine  both 
the  mean  time  for  which  the  animals  survived  in  the  pressure  chamber 
and  another,  more  indicative  quantity  -  the  time  required  for  50^  of 
the  animals  to  die. 

It  may  be  seen  from  the  table  that  no  material  reliable  difference 
in  resistance  to  hypoxia  was  noted  between  the  control  and  irradiated 
rats  Immediately  after  irradiation  or  three  hours  later.  However,  the 
animals'  resistance  to  hypoxia  was  found  to  be  elevated  six  hours  after 
Irradiation.  The  time  required  for  ^0^  of  the  subjects  to  die  was  pro- 
longed  to  approximately  the  same  extent  6,  12,  24,  and  48  hours  after 
Irradiation.  The  most  substantial  increase  In  resistance  to  hypoxia  was 
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observed  72  hoara  after  Irradiation,  when  the  symptoms  of  radiation 
sickness  were  already  ^ther  narked.  Finally,  at  the  last  of  the  Inter¬ 
vals  which  ve  Investigated,  9^  hours  after  Irradiation,  resistance  was 
considerably  reduced  In  c<«parlson  with  the  preceding  Interval,  72 
hours,  althou^  the  surviving  rats  proved  to  be  more  resistant  to  hy¬ 
poxia  than  the  control  anlaals. 

Systaaatlc  neasuraaent  of  the  rectal  temperatures  of  all  the  ex- 
perlaental  rate  during  the  course  of  the  radiation  sickness  showed  that 
no  reliable  changes  In  teaperature  occur  during  the  first  48  hours  af¬ 
ter  Irradiation.  Rectal  teaperature  was  depressed  by  an  average  of  3-9^ 
72  hours  after  Irradiation.  This  gave  us  grounds  for  assuming  that  the 
Increase  in  resistance  to  hypoxia,  at  least  that  observed  72  hours  af¬ 
ter  Irradiation,  Is  caused  by  a  drop  In  the  Intensity  of  metabolic  pro¬ 
cesses.  Qm  first  step  In  analyzing  the  results  obtained  was  consequent¬ 
ly  to  study  the  rate  of  gaseous  Interchange  In  rats  during  acute  radia¬ 
tion  sickness. 

The  data  available  on  this  problem  in  the  literature  are  quite 
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TABLE  2 

Oxygen  Ck>n8uiQ>tlon  of  Rata  lXu:*lng  Acute  Radia¬ 
tion  Sickness 


Note:  Ihe  asterisks  Indicate  values  which  dif¬ 
fer  reliably  from  those  for  the  control  (P  < 

<  0.05). 

l)  Index;  2)  control;  3)  time  after  Irradiation 
(hours);  4)  number  of  animals;  5)  Og  consun?)- 

tlon  (In  na/g/hr);  6)  Op  consumption  (In  na/hr 
per  rat).  ^ 

contradictory.  Certain  authors  (Klrkhner  et  al. ,  19^9;  Mole,  1953)  de¬ 
tected  a  rise  In  the  rate  of  0^  consunqptlon  after  Irradiation,  while 
others  (Smls  et  al. ,  1952;  Smls,  Ihlry,  et  al. ,  1951)  did  not  observe 
any  material  changes;  a  drop  In  the  rate  of  0^  consumption  occurred  on¬ 
ly  In  those  cases  where  there  was  substantial  starvation.  Novak  (1958) 
showed  that  gaseous  Interchange  In  the  adaptation  phase  does  not  change 
during  the  first  day  after  Irradiation  In  doses  of  more  than  400  r,  but 
Is  then  depressed,  reaching  Its  maximum  on  the  third  day  after  irradia¬ 
tion. 

We  determined  the  rate  of  O2  consuii?)tlon  In  breathing  atmospheric 
air  at  all  the  aforementioned  Intervals  after  Irradiation  in  a  dose  of 
750  r  (Table  2). 

As  may  be  seen  from  Table  2,  the  0^  consumption  In  nd/hr  per  unit 
body  weight  varies  little  during  radiation  sickness.  The  only  exception 
Is  a  slight  but  reliable  drop  in  the  consumption  rate  72  hours  af  ^er 
Irradiation.  However,  animals  occasionally  lose  substantial  amounts  of 
weight  during  this  period,  primarily  because  of  loss  of  water  and  de- 
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pletion  of  the  lipid  depots  rather  than  at  the  expense  of  metabollcaily 
active  tissues  (Krayevskly,  1957)-  We  consequently  felt  It  proper  to 
determine  both  tite  rate  of  oxygen  consun^tlon  per  unit  weight  and  the 
oxygen  consuaqptlon  of  the  entire  organism  per  unit  time.  With  the  re¬ 
sults  expressed  in  this  manner  it  may  be  seen  that  the  Og  consumption 
remains  near  the  control  level  throu^  the  first  two  days  cf  radiation 
sickness  and  that  the  rate  of  gaseous  interchange  begins  a  statistical¬ 
ly  reliable  drop  48  hours  after  irradiation. 

TABLE  3 

O2  ConsuB^ptlon  of  Control  and  Irradiated  Rats 
with  Nomal  and  Reduced  Oxygen  contents  in  the 
Inhaled  Air 
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1)  Group;  2)  niiinber  of  rats;  3)  Og  consumption  (in  ml/g/hr);  4)  air;  5) 

hrooxia;  6)  %  decrease;  7)  Op  con8UJi?)tion  (in  val/g  per  rat);  8)  control; 
9;  12  hours  after  irradiation;  10)  72  hours  after  irradiation. 

In  the  next  series  of  experiments  we  determined  the  oxygen  consump¬ 
tion  of  irradiated  rats  under  tiypoxlc  conditions.  In  setting  up  these 
experiments  we  proceeded  from  the  assumption  that  the  Increased  resis¬ 
tance  of  irradiated  rats  to  oxygen  deficiency  results  not  so  much  from 
a  drop  in  the  initial  metabolic  level  as  from  the  greater  decrease 
which  occurs  under  hypoxic  conditions.  The  correctness  of  this  assump¬ 
tion  is  shown  by,  e.g. ,  tba  wojrtc  of  Wexler  (1959) >  who  detected  a  more 
rapid  and  severe  drop  in  body  temper'\ture  in  irradiated  animals  under 
hypothermic  conditions. 

Hie  results  of  this  series  of  experiments  are  shown  in  Table  3. 
Ihese  data  confirm  those  cf  the  preceding  series:  gaseous  Interchange 


In  breathing  atmospheric  air  is  not  altered  with  respect  to  the  control 
12  hours  after  irradiation,  but  is  depressed  after  72  hours. 

It  may  be  seen  from  Table  3  that  the  absolute  level  of  gaseous  In¬ 
terchange  under  hypoxic  conditions  is  considerably  lower  72  hours  after 
irradiation  than  in  unirradiated  rats  for  12  hours  after  irradiation.  It 
must  be  noted  that  there  is  no  difference  lii  gaseous  Interchange  between 
the  latter  two  groups  either  under  hypojvlc  conditions  or  at  normal  oxy¬ 
gen  tension. 

laSCUSSION  OF  EXPERIMENTAL  RESULTS 

The  data  which  we  obtained  thus  lead  us  to  assume  that  the  n^ch- 
anism  underlying  the  Increase  in  reslstaince  to  hypoxia  differs  in  var¬ 
ious  stages  of  radiation  sickness.  At  longer  Intervals  after  irradia¬ 
tion,  72  and  possibly  h8  hours,  this  Increase  in  resistance  apparently 
results  from  a  depression  of  metabolism  accompanied  by  a  slight  hypo¬ 
thermia,  in  all  probability  caused  by  .starvation  and  a  number  of  other 
factors.  Here  it  is  Important  to  note  that,  in  addition  to  the  reduced 
initial  gaseous  interchange  level,  animals  in  this  stage  of  radiation 
sickness  exhibit  a  more  marked  depression  of  gaseous  Interchange  under 
hypoxic  conditions.  As  a  result,  the  absolute  0^  consumption  under  hy¬ 
poxic  conditions  is  considerably  lower  for  this  group  of  rats  than  for 
the  other  groups.  At  the  same  time,  as  is  well  known,  as  the  metabolic 
rate  decreases  the  resistance  of  the  organism  to  hypoxia  Increases,  a 
phenomenor  caused  by  a  whole  series  of  factors  (Oplts  and  Schneider, 

1950;  et  al. ).  Resistance  to  hypoxia  differs  little  from  that  of  the 
control  animals  96  hours  after  irradiation,  although  the  metabolic  rate 
remains  low.  This  is  probably  explained  by  the  severe  disruption  of  all 
basic  vital  functions  characteristic  of  the  terminal  stage  of  radiation 
sickness . 

The  Increase  in  resistance  to  hypoxia  which  occurs  during  the  ear- 


?ier  stage*  of  radlmtion  sickness  (6-24  hours)  Is  apparently  not  due  to 
a  change  in  aetabollc  rate  under  either  noraiai  or  hypoxic  conditions, 
but  results  from  other  factors;  further  research  is  required  to  clarify 
the  nature  of  these  factors. 


CURRENT  CONCEPTS  OF  THE  REORGANIZATICN  OF  CELL  CHEMISM  DURIN'G 

ACCLIMATIZATION  TO  HYPOXIA 
Z.I.  Bartashova 
(Leningrad) 

Ihe  work  of  Soviet  physiologists  and  blochemistE  occupies  an  Inpor- 
tant  place  in  research  on  the  mechanisms  of  acclimatization  to  hypoxia. 
Unfortunately,  their  interest  in  this  problem  has  dlTnlni ahed  consider¬ 
ably  in  recent  years.  However,  it  is  quite  impossible  to  oonsidr,r  thlc 
question  to  be  conqpietely  exhausted.  Even  if  nothing  essentially  nev. 
can  be  found  in  determining  the  changes  in  puitKjnary  ventilatlcn,  car¬ 
diac  functlorJ.ng,  general  hemodynamics,  or  the  mo rp>ho logical  composi¬ 
tion  of  the  blood  in  animals  during  ac olimatlzaticn ,  there  is  still  a 
b-noad  field  of  activity  In  research  en  the  reactions  at  the  tissue  jr 
cellular  level.  The  adaptive  reactions  which  develop  in  the  ceils  are  a 
no  less  important  factor  in  the  general  adaptation  syndrome  trian  th<: 
functional  changes;  the  data  on  these  reactions  are  still  fragment ar; 
and  frequently  contradictor;/. 

Without  fear  of  exaggeration  we  may  state  thatnany  Soviet  investi¬ 
gators  clearly  plac  too  little  importance  on  this  aspect  of  the  prob¬ 
lem.  In  discussing  the  mechanisms  of  acclimatization  to  hypoxia  a  num¬ 
ber  of  works  discourse  in  detail cn  the  great  Importance  of  the  intensi¬ 
fication  of  the  functioning  of  the  pulmonary  respiration,  blood,  and 
circulatory  systems  and  somewhere  at  the  end,  incidentally,  note  that 
these  mechanisms  are  some  sort  of  adaptation  reactions  in  the  tissues. 
These  pr*ocesEes  are  not  enumerated  and  there  is  no  indication  of  their 
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3ignlflcance. 

This  report  Is  inteiuied  to  characterize  the  current  state  of  the 
problem  of  cellular  adaptation  and  especially  to  show  that  the  adaptive 
;h'-tri£.r;£  In  the  tissues  involve  a  wide  of  a^tabolic  processes  and  that 
::he3e  '’h^mges  have  a  general  biological  character  in  a  number  of  cases, 
oirice  they  are  observed  not  only  in  acclimatization  to  hypoxia,  but  al- 
jc  In  adaptation  to  other  “stressors”  (the  action  of  changes  in  the 
temperature  and  chemical  cois^sitlon  of  the  surrounding  medium,  certain 
drugs,  repeated  ssascuiar  exercise,  etc.  )• 

There  is  now  rto  doubt  that  acclimatization  to  hypoxia  increases 
the  general  or  nonspecific  resistance  of  man  and  animals.  .e  organism 
recomea  mere  resistant  to  both  oxygen  deficiency  and  the  action  of  a 
nui!d:>er  of  other  unfavorable  envlroimKntal  factors.  Thus,  Levy  (1932) 
detected  a  high  resistance  to  strychnine  poisoning  in  hypoxla-acclimat> 
ed  mice.  Beiry  et  al.  (1935)  also  noted  an  Increased  resistance  to  vir¬ 
us  Infection  In  such  animals.  'a»  use  of  repeated  “ascents"  in  a  pres¬ 
sure  chan4>er  as  stinaiiatory  therapy  was  recoaniended  in  the  works  of  N. 

V.  Balanina  (19^7)  and  V.V.  Turanov  (1949)-  We  (Barbashova,  1955.  1956) 
and  other  invsstlgatora  (Rlkhaylov,  1956;  Vasil ’yev,  1958;  Belokonskly, 
1959;  at  al. )  showed  that  prelonged  acclimatization  to  hypoxia  increas¬ 
es  the  reaistaiKse  of  the  organism  to  ionizing  radiation.  I.R.  Petrov 
and  his  colleagues  came  to  the  same  conclusions  regarding  overheating, 
overcoollrig,  anemia,  and  thermal  burns  (Petrov,  I960;  Qubler  and  Pen- 
ster,  i960;  et  al. ). 

Tnere  la  no  question  that  the  nonspecific  resistance  of  an  organ¬ 
ism  accltiaated  to  oxygen  deficiency  is  ccmiplex  in  nature.  It  may  be 
caused  by  an  intensification  of  the  functioning  of  the  respiratory, 
cardiovascular,  and  hematogenic  systems,  but  reorganizations  of  the 
phyaieochejiile  i.  properties  of  the  tissue  structures,  which  change  the 
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I  resistance  of  the  cellular  elements  to  alteration,  may  be  of  no  1 
importance. 

What  is  the  substance  of  the  change  in  tissue  chemism?  The  experi¬ 
mental  data  which  have  been  amassed  indicate  primarily  a  charige  in  eeil- 
ular  respiratory  metabolism.  The  basic  results  obtained  by  a  number  o/ 
investigators,  including  us,  reduce  to  the  following.  Cell  metabolii^iri 
may  be  altered  in  two  essentially  opposite  directions.  On  the  one  hane, 
the  reactions  which  ensure  maintenance  of  oxidative  processes  at  a  suf¬ 
ficiently  high  level  are  stimulated  and,  on  the  other  hand,  the  anaero¬ 
bic  modes  of  er^rgy  liberation  are  activated,  which  may  compensate  for 
the  restriction  of  oxidative  metabolism. 

Thus,  it  is  well  known  that  various  tissues  of  hypoxia-acclimated 
animals  may  exhibit  an  Increase  in  myoglobin  content  and  activity,  in 
ascorbic  acid,  glutathione,  yellow  enzyme,  and  cytochrome  C  content, 
and  in  cytochrome  oxidase,  succlnoxldase,  succinic  dehydrogenase,  cy- 
clophorase,  histamlnase,  carbonic  anhydrase,  catalase,  globlnoxldase, 

1  adenosine  triphosphatase,  etc. ,  activity.  As  a  result  of  these  changes 
the  tissues  become  capable  of  maintaining  a  sufficiently  high  oxidative 
metabolism  rate  despite  a  drop  in  the  partial  oxygen  pressure  of  the 
capillary  blood.  In  the  direct  experimentation  described  in  our  prior 
works  (Barbashova,  1952)  we  established  that  oxygen  utilization  in¬ 
creases  in  the  tissues  of  hypoxia-acclimated  animals  in  the  presences  of 
oxygen  deficiency. 

At  the  same  time,  we  demonstrated  that  there  is  an  Intenslflcatlcn 
of  anaerobic  glycolysis  in  the  tissues,  which  is  especially  marked  in 
the  cells  of  the  grey  matter  of  the  brain,  these  being  extremely  sensi¬ 
tive  to  oxygen  deficiency  (Barbashova,  1952,  1958).  Tissue  adaptation 
may  also  be  effected  by  restriction  of  oxygen  consumption,  as  was  de¬ 
tected  in  IXiquors '  experiments  (I961).  In  this  case  the  author  also 


noted  a  decrease  in  the  activity  of  certain  oxidative  enzymes  (e.g;.  , 
cytochrc»^  oxidase)  aixi,  conversely,  an  increase  in  the  activity  cf  al¬ 
dolase,  which,  as  1?  well  known,  plays  an  li^ortant  role  in  anaerobic 
glycolysis  and  glycogenolysis.  It  is  interesting  that  adenosine  tri¬ 
phosphatase  activity  may  be  intensified  and  the  content  of  energy- rich 
phosphates  —  creatine  phosphate  and  adenosine  triphosphate  -  Increased 
in  a  number  of  tissues  during  acclimatization  to  hypoxia  (Tappan  et  al. , 
1957). 

This  activation  of  oxidative-metabolism  enzyme  systems  and  stimu¬ 
lation  of  anaerobic  processes  undoubtedly  increases  tissue  resistance 
to  environmental  change,  which  in  some  manner  causes  a  disruption  of 
cell  respiration.  However,  a  nonspecific  Increase  in  resistance  is  ob¬ 
served  in  the  tissues  of  hypoxia- acclimated  animals  in  addition  to  the 
change  in  req;)iratory  metabolima.  This  was  first  demonstrated  by  A.  G. 
Glnetslnskiy  in  a  work  conducted  Jointly  with  us  (Barbashova  and  Glnet- 
sinskiy,  1956).  Using  Nasonov's  vital  staining  method,  we  found  that 
the  muscles  of  acclimated  mice  and  rats  sorb  less  neutral  dye  when  ex¬ 
posed  to  alterative  agents  than  those  of  control  animals.  Taking  into 
account  the  fact  that  the  intensity  with  which  tissues  are  stained  is 
a  criterion  of  the  extent  of  the  paranecrotlc  changes  occurring  in  them, 
we  concluded  that  the  tissues  cf  acclimated  animals  are  more  resistant 
than  those  of  unacolimated  animals.  This  increasing  resistance  had  a 
nonspecific  chaa?Jicter,  since  the  tissues  acquired  a  higher  resistance 
both  to  the  action  of  agents  which  inhibit  oxidative  metabolism  (e.g. , 
cyanides  or  anaerobiosls )  and  to  ethyl  alcohol,  which  denatures  cell 
proteins,  as  well  as  to  high  caffeine  concentrations. 

Valle-Imenez  (195^)  obtained  similar  results  in  studying  the  his- 
tophyslologlcal  properties  of  the  reticuloendothelial  system  in  hypoxia- 
acclimated  rabbits.  This  author  detected  a  decrease  in  the  sorption  of 
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the  x'etlculoendothelial 


Congo  red  and  an  Increase  in  the  activity  of 
system,  the  latter  taking  the  specific  fonn  of  a  rise  In  its  reslotan-e 
to  viruses. 

It  is  very  interesting  that  all  cellular  elements,  including  the 
nuclear  apparatus,  exhibit  an  Increase  in  nonspecific  resistance  during 
acclimatization  to  hypoxia.  This  is  evidenced  by  the  results  of  the 
work  of  V.  P.  Parlbok  et  al.  (1959-  X-lrradlatlng  normal  and  hypoxia- 
acclimated  mice,  the  authors  found  that  the  nuclear  structures,  parti¬ 
cularly  the  chromosomal  apparatus,  of  the  latter  were  more  resistant. 

It  turned  out  that  at  equal  x-lrradlation  dose  rates  a  number  of  patho¬ 
logical  disturbances  during  various  stages  of  mitosis  (in  the  corneal 
epithelium)  were  considerably  less  in  extent  in  the  acclimated  animals 
than  in  the  control  animals. 

We  may  get  some  idea  of  the  nature  of  the  nonspecific  resistance 
of  cells  and  tissues  from  the  theory  of  paranecrosis  developed  by  D.  IJ 
Nasonov  and  V. Ya.  Aleksandrov  (1940).  According  to  this  theory,  expos¬ 
ure  to  an  injurious  agent  causes  denaturatlon  of  the  cell  proteins.  It 
may  be  assumed  that  during  a  prolonged  stay  under  hypoxic  conditions 
some  sort  of  changes  occur  in  the  cell  proteins,  increasing  their  phys¬ 
icochemical  "strength.  "  In  this  case  we  use  the  term  "strength"  to  re¬ 
fer  to  the  sum  of  the  properties  which  retard  the  development  of  para- 
necrotic,  or  denaturing  changes.  These  concepts  Impelled  us  to  investi¬ 
gate  certain  of  the  physicochemical  properties  of  tne  tissues  of  hypox¬ 
ia-acclimated  animals. 

In  order  to  determln  the  general  physicochemical  properties  of 
the  tissues  we  and  Yu. Ye.  Moskalenko  {I961)  measured  the  electrical 
conductivity  and  dielectric  permeability  of  muscle  tissue  in  the  low 
radiofrequency  range.  The  experiments  were  conducted  in  vivo.  The  data 
obtained  enabled  us  to  construct  curves  for  the  dielectric  losses  (Fig. 
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1)- 

As  may  be  seen  from  Fig.  1,  the  maxi  mum  of  the  dielectric  loss 
curves  for  the  femoral  muscles  of  acclimated  rats  Is  considerably  dis¬ 
placed  toward  lower  radlofrequencles  (800-900  cps)  In  comparison  with 
that  for  the  muscles  of  the  control  animals  (II50-I300  cps).  It  is  well 
known  that  the  change  In  conductivity  and  dielectric  pexnaeablllty  of 
live  tissues  in  the  low  radiofrequency  range  is  closely  associated 
with  a  change  in  the  structure  of  the  living  matter  at  the  macromolecu- 
lar  level.  Although  It  is  still  difficult  to  say  precisely  what  was  al¬ 
tered  In  the  structure  of  the  muscle  tissue^  the  fact  that  the  electri¬ 
cal  parameters  of  the  muscle  tioouS  shifted  indicates  that  It  acquired 
some  new  pr^erties. 

The  results  of  this  vork  and  Hasonov  and  Aleksandrov's  main  Inves¬ 


tigation  of  the  role  of  cell  proteins  in  the  tissue  reactions  to  alter¬ 
ative  agents  led  us  to  turn  our  attention  to  studying  the  properties  of 
tissue  proteins.  We  first  studied  the  proteins  of  muscle  tissue,  since 
It  was  In  the  skeletal  musculature  that  we  established  the  changes  In 
nonspecific  resistance  and  electrical  characteristics. 


In  work  conducted  Jointly  with  G. 
A.  Skul'skaya  (I962)  we  studied  the 
physicochemical  properties  of  muscle 
contractile  proteins,  more  precisely 


Pig.  1.  Dielectric  losses  the  viscosity  of  actomyosln  In  various 

of  rat  muscle  tissue  as  a 

function  of  frequency,  l)  concentrations.  These  experiments 

Control  animals;  2)  acclima¬ 
ted  animals;  3)  op®-  showed  that  the  viscid  properties  of 


actomyosln  vary  identically  on  dilution  In  acclimated  and  control  ani¬ 


mals.  The  actual  viscosity  values  are  also  Identical  at  equal  protein 


concentrations.  This  means  that  acclimatization  does  not  cause  any 


change  In  the  size  or  configuration  of  the  protein  nK>lecule.  It  would 


scarcely  follow  to  expect  severe  changes  In  the  structure  of  the 
teln  nralecule,  which  has  been  fixed  by  the  entire  course  of  evolution¬ 
ary  development.  The  situation  Is  different  with  respect  to  changes  in 
the  properties  of  the  protein  molecules  and  their  activity  In  Interact¬ 
ing  with  one  another  and  with  other  blolo^cally  active  cellular  sub¬ 
stances.  Our  further  experiments  showed  that  certain  properties  of  acto- 
myosin  actually  undergo  marked  changes.  The  interaction  between  actomy- 
osln  and  ATP  proved  to  be  nonuniform  In  character.  In  our  work  with 
Skul'skaya  we  determined  the  change  in  viscosity  of  the  actomyosin  of 
the  skeletal  musculature  under  the  action  of  ATP.  It  Is  well  known  that 
addition  of  ATP  sharply  reduces  the  viscosity  of  actomyoslri;  since  the 
actomyosin  complex  dissociates  Into  actln  and  myosin.  After  a  certain 
Interval  the  complex  is  restored  and  the  viscosity  of  the  protein  rises 
to  its  Initial  level.  It  may  be  seen  from  Fig.  2  that  the  change  in  ac¬ 
tomyosin  viscosity  on  addition  of  ATP  differs  In  control  and  hypoxia- 
acclimated  rats.  The  rate  at  which  actomyosin  Is  restored  after  dis¬ 
sociation  is  considerably  higher  In  the  acclimated  animals  than  In  the 
control.  This  means  that  the  chemical  properties  of  the  contractile 
proteins  of  the  skeletal  musculature  are  altered  during  acclimatization. 
The  proteins  become  more  active.  It  is  on  this  basis  that  the  phenomen¬ 
on  proceeds,  although  it  is  still  unclear,  and  we  are  occupied  in  de¬ 
termining  its  causes. 

The  change  in  the  tissue  content  and  activity  of  certain  enzymes 
and  biologically  active  substances  and  the  concomitant  changes  In  oxi¬ 
dative  metabolism,  electrical  characteristics  of  muscle  tissue,  arxi  in¬ 
teraction  of  muscle  actomyosin  with  ATP  comprise  our  basic  present 
knowledge  of  the  reorganization  of  tissue  or  cellular  chemism  in  hypox¬ 
ia-acclimated  animals.  It  is  v#='ry  Important  that  all  this  bears  direct¬ 
ly  on  understanding  the  nature  of  tissue  resistance.  However,  to  con- 
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firm  this  we  wist  make  a  direct  con^)arl3on  between  the  resistance  of 
.the  tissue  and  Its  biochemical  composition  and  physicochemical  proper¬ 
ties.  The  attention  of  physiologists,  biochemists,  and  biophysicists 
must  be  drawn  to  solution  of  this  problem. 

Despite  the  fragmentary  character 
of  the  available  data  on  tissue  or  cel¬ 
lular  adaptation  and  the  absence  of  any 
precise  concept  of  the  dynamics  and  re¬ 
lationships  of  the  Individual  adaptive 
reactions,  we  laay  assume  it  to  be  beyond 
doubt  that  cellular  adaptation,  which 
involves  the  basic  processes  of  cell 
metabolism,  is  an  exti*emely  important 
factor  in  the  general  adaptation  syn¬ 
drome. 

It  is  also  quite  iiportant  that  similar  changes  in  cell  chemism 
occur  during  adaptation  to  stressors  other  than  hypoxia.  This  is  indi¬ 
cated  by  the  data  obtained  in  studying  the  thennal  adaptation  mechan¬ 
isms  of  the  muscles  of  polkllotherms  and  homotherms,  adaptation  to  an 
altered  environmental  salt  content  In  polkllotherras,  the  mechanisms  of 
muscle  accoBBodatlon,  etc.  The  similarity  of  adaptive  reactions  at  the 
cellular  level  under  the  action  of  various  stressors  to  a  considerable 
extent  explains  why  the  increase  in  the  resistance  of  tissues  or  the 
entire  organism  imder  the  action  of  one  stressor  is  also  a  positive 
factor  under  the  action  of  another  stressor.  The  nonspecificity  of  this 
Increase  in  Aeslstance  may  consequently  be  attributed  to  the  fact  that 
it  is  based  on  adaptive  reactions  of  general  biological  significance. 
The  similarity  of  the  adaptive  reactions  of  different  animals  gi  es  us 
grounds  for  assuming  that  the  mechanisms  of  cellular  or  tissue  adapta- 
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Pig.  2.  Qiance  in  the  vis¬ 
cosity  of  the  proteins  of 
the  actonyoaln  complex  un. 
der  the  Influence  of  ATP 
in  control  (1)  and  hypox- 
la-accliBated  (2)  rats.  3) 
Protein  viscosity;  4)  time, 
min. 


tlon  have  been  laid  down  In  phylogenesis  throughout  the  entire  cour... 
of  evolution  and  are  utilized  by  the  organism  when  it  encounters  ex¬ 
treme  conditions. 

ITie  existence  of  nonspecific  resistance  is  of  great  theoretical 
and  practical  Importance.  It  gives  us  a  basis  for  the  development  ol' 
measures  to  Increase  man's  resistance  to  the  action  of  unfavorable  en¬ 
vironmental  and  industrial  conditions,  infectious  diseases,  etc. 

The  problem  of  resistance  has  not  been  studied  to  an  extent  con¬ 
sistent  with  its  vital  In^ortance.  It  is  to  be  hoped  that  the  joint 
efforts  of  researchers  in  various  fields  will  furnish  new  data  which 
will  enable  us  to  gain  a  deeper  understanding  of  the  nature  of  adapta- 


PHYSIOLOGICAL  AND  BIOCHEMICAL  MECHAiaSMS  OP  ADAPTATION 
TO  HIGH  MOUNTAIN  CONDITIONS 
P.A  Korzhuyev 
(Moscow) 

Adaptation  to  hli^-Dountaln  conditions,  just  as  to  any  other  con¬ 
ditions,  Is  effected  by  changes  In  the  entire  organism  rather  than  by 
particular  changes  in  a  given  organ.  However,  adaptation  to  any  condi¬ 
tions  presupposes  the  existence  of  primary  factors  specific  for  the  en¬ 
vironmental  c<mditlons  in  question.  lAider  hl^-mountain  conditions  the 
primary  factor  is  undoubtedly  the  reduced  partial  oxygen  pressure. 

It  is  naturally  to  be  expected  that  animals  which  live  at  high  al¬ 
titudes,  being  continuously  adapted  to  a  reduced  partial  oxygen  pres¬ 
sure,  would  have  characteristics  not  present  in  lowland  animals. 

The  cc^lexity  of  the  problem  lies  in  the  fact  that  among  the  ani¬ 
mals  which  live  at  hl^  altitudes  are  both  aboriginal  forms,  which  al¬ 
ways  live  there,  and  lowland  animals  which  come  to  the  mountains  for  a 
limited  time,  ^eclflcally,  in  various  regicns  of  the  Soviet  Union  er  - 
ploylng  the  migretory  system  of  animal  raising  certain  species  of  ani¬ 
mals  (sheep,  goats,  and  cows)  are  driven  to  high  pastures  located  at 
altitudes  of  3000-^000  ni,  where  they  remain  for  several  weeks  or  months. 
These  animals  include  varieties  whose  native  habitat  is  the  foothills 
(Glssar  and  Kirgiz  sheep,  etc.  )  and  varieties  brought  Into  the  foothllia 
for  purposes  of  acclimatization. 

We  are  faced  with  the  problem  of  what  forms  of  adaptation  to  hlgh- 
mountaln  conditions  occui-  in  naturally  mountain- dwelling  animals,  anl- 
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raals  which  periodically  raove  Into  mount a-^noue  regions,  and  lowland  ani¬ 
mals  first  brought  Into  such  regions.  It  would  seem  that  the  most  nat¬ 
ural  course  of  Investigation  consists  in  first  making  a  detailed  study 
of  true  mountain- dwelling  animals,  llie  morphological  and  physiological- 
biochemical  characteristics  of  this  group  of  animals  would  be  valuable 


In  enabling  us  to  solve  the  problem  of  the  adaptation  mechanisms  of  var¬ 


ious  animals  coming  under  hlgh-altltude  conditions. 
TABLE  1 


3 

— Tr 

T 

Kmm- 

1 

- 

L  2 

r«M. 

Kmcm- 

7 

oaw« 

»awiM 

rmikt* 

«&■» 

1 

F 

"TT* 

^r% 

mmtm. 

m 

IMtty 

Mra. 

a* 

m  • 

9 ' 

"T 

JlaiM  ..... 

Its 

34,0 

283 

193 

17.9 

28.1 

14.9 

53,0 

•ntM . 

it4 

313 

21.7 

112 

163 

26,0 

133 

51.1 

CMt&poaH  MMA 

S1j0 

40.1 

2U 

— 

163 

203 

41.4 

Koaea . 

38.4 

233 

— 

17.4 

153 

63 

453 

VDmj  .... 

.... 

Afi 

46J) 

243 

Ill 

183 

323 

133 

403 

112 

413 

— 

— 

163 

343 

133 

403 

kpuap  .  . 

I3.r 

44,0 

— 

114 

32.1 

413 

raCCt^RMIMM  .  . 

13 

29,0 

133 

9.7 

10.1 

353 

12.1 

343 

Aaraeraacnc  ropua 

283 

- 

103 

. 

-  1 

— 

— 

12 

il 

II 

r 


0 


I)  Animals;  2)  erythrocytes,  millions;  3)  hematocrit,  4)  oxygen  cap¬ 
acity  of  blood,  ^  by  volume;  5)  hemoglobin:  6)  from  oxygen  capacity;  7) 
by  Zeiss’  method;  8;  erythrocyte  volume,  |j,3;  9)  quantity  of  hemoglobin 
In  erythrocytes,  y;  10)  hemoglobin  concentration  In  erythrocytes, 

II)  llama;  12)  Siberian  goat;  13 )  goat;  14)  urlal;  15)  mouflon;  16) 
central-Aslan  sheep;  I7)  Glssar  sheep;  I8)  Dagestan  mountain  sheep. 
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1)  Animals:  2)  mean  weight,  kg:  3)  erythrocytes,  millions;  4)  hemato¬ 
crit,  5^;  5)  hemoglobin,  g-^;  6)  blood,  %  of  body  weight;  7)  hemoglobin, 
g/kg  of  body  weight;  8)  author  and  year  In  which  data  wei*e  published: 

9)  Soviet  merino;  10)  prekos;  11)  Glssar  sheep;  12)  Central-Aslan  sheep; 
13)  urlal;  14)  Korzhuyev  et  al. ,  1957;  15)  Bulatova,  1953- 


However,  and  not  strangely,  little  research  has  been  done  In  this 
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direction  on  the  true  Mountain- dwelling  animals.  Despite  the  existence 
of  monographs  devoted  to  the  biology  of  mountain-dwelling  animals  (Sev- 
ertsov  1873#  Ifeisonov,  1913;  Taalkln,  1951 )»  we  are  still  unclear  as  to 
which  morj^logical  charaoterletios  provlvte  for  specific  adaptation  to 
high-altitude  condltiorus  or,  more  precisely,  to  the  reduced  partial 
oxygen  preeiure. 

There  are  only  fraoientary  data  on  the  physiological-biochemical 
characteristic*  of  the  blood  of  mountain-dwelling  animals  such  as  the 
llama  (Hail  et  al. ,  1936;  Bulatova,  1953)#  the  Central-Asian  sheep,  and 
the  Ibex  (Bulatova,  1953)*  All  these  animals  are  characterized  by  a 
very  hemoglobin  concentration  in  the  blood  (Table  1). 

The  total  quantity  of  blood  in  the  bodies  of  mountain- dwelling  an¬ 
imals  reaches  11%  of  their  body  weight  (Bulatova,  1953),  while  in  low¬ 
land  domes^-lc  sheep  it  averages  7-8}^  of  the  body  weight  (Table  2).  The 
amount  of  hemoglobin  in  the  blood  of  mountain- dwelling  animals  Is  ap¬ 
proximately  twice  that  in  the  blood  of  related  lowland  domestic  animals 
We  must  take  into  account  the  fact  that,  in  addition  to  the  hemoglobin 
of  the  blood,  there  is  muscle  hemoglobin,  whose  concentration  is  higher 
in  the  muscles  of  mountain-dwelling  aiilmals  than  in  those  of  domestic 
animals  (Vezt>olovich,  I961);  it  is  also  higher  in  the  muscles  of  ani¬ 
mals  raised  In  the  mountains  than  in  those  of  lowland  animals  (Table 
3).  Similar  data  were  obtained  for  dogs  raised  in  the  mountains  and  at 
sea  level  (Khurtado  et  al. .  1937)- 

The  fact  that  the  ascent  of  lowland  animals  into  the  mountains 
leads  to  a  considerable  Increase  in  the  hemoglobin  content  amd  ery¬ 
throcyte  count  of  the  blood  merits  attention  (Table  4). 

In  all  cases  there  are  thus  marked  differences  between  lowland  and 
mountain- dwelling  animals  with  respect  to  the  level  of  the  oxygen- trans 
porting  components  of  the  red  blood  and  the  concentration  of  muscle 
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1)  Animals;  2)  concentration  (in  mg  per  100  g  of  dry  muscle);  3)  myocar¬ 
dium;  diaphragm;  5)  masseters;  6)  biceps  femoris;  7)  gastrocnemius; 

8)  biceps  brachll;  9)  longlssimus  dorsl;  10)  Ibex;  11 )  goat. 
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hemoglobin.  Hie  erythrocytes  and  hemoglo¬ 
bin  of  the  blood  and  muscles  are  thus  an 
ln?>ortant  factor  in  adaptation  to  hlgh- 
altltude  conditions. 

Thej^e  is,  however,  a  view  which 
holds  that  a  certain  group  of  animals 
periodically  taken  into  the  mountains 
(Glssar  and  Kirgiz  sheep)  does  not  exhi¬ 
bit  an  intensification  of  the  activity  of 


the  organs  which  provide  the  organism  with  oxygen,  but  rather  a  stable 
depression  of  tissue  oxidative  processes.  We  were  able  to  cite  consid¬ 
erations  to  refute  this  treatment  (Korzhuyev,  1959)  and  can  now  add  on¬ 
ly  that  it  is  very  In^robable  that,  having  such  powerful  structures  as 
the  bone  marrow  and  body  musculature,  which  constitute  half  or  more  of 
the  body  weight  and  are  the  foci  of  hemoglobin  synthesis,  the  organism 
would  resort  to  other  forms  of  adaptation,  neglecting  the  available 
mechanisms,  on  being  subjected  to  a  I'educed  partial  oxygen  pressure. 

As  for  the  problem  of  the  morphological  characteristics  of  moun¬ 
tain-dwelling  animals,  we  noted  that  they  do  not  exhibit  any  specific 
structures  characteristic  of  mountain  conditions.  However,  there  is  no 
doubt  that  there  musi  be  a  change  in  the  structure  of  the  organism  in 
connection  with  adaptation  to  a  reduced  partial  oxygen  pressure  and 
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this  change  occurs  In  the  organs  which  supply  oxygen^  Prime  among  these 
structures  are  the  skeleton  and  musculature,  which  are  high-intensity 
foci  of  hemoflohln  synthesize,  since  mechanisms  which  ensure  the  neces¬ 
sary  level  of  oxidative  processes  oust  be  available  when  the  partial 
oxygen  pressure  is  reduced.  We  can  evaluate  the  intensity  of  the  hemo¬ 
poietic  function  only  from  the  weight  of  the  skeleton,  which  consti¬ 
tutes  approximately  1?^  of  the  body  weight  of  the  Centra l-Asiein  sheep. 
We  may  draw  an  analogy  with  the  reindeer,  an  excellent  runner,  in  which 
the  weight  of  the  skeleton  constitutes  approximately  13j$  of  the  body 
weight,  while  the  bone  marrow  accounts  for  approximately  43^  of  the 
weight  of  the  skeleton  (Korzhuyev  and  mkol'skaya,  i960).  If  we  take 
into  account  ^e  fact  ^lat  tt»  bone  marrow  also  accounts  for  43^  of  the 
skeletal  welldit  of  the  Central-Asian  sheep,  it  amounts  to  approximately 
7.6%  of  its  bo<|r  weight  ~  a  very  substantial  fraction,  since  in  lowland 
animals  such  as  the  guinea  pig  and  rabbit  the  bone  marrow  con9>rises 
1. 3-3.0^  of  the  body  weight.  We  must  also  consider  that  Central- Aslan 
sheep  have  horns,  which  may  reach  very  large  size.  Ihe  core  of  the  norn 
is  a  bony  formation. 

Morphologists  hold  no  unanimous  opinion  regarding  the  biological 
causes  of  the  intensive  horn  development  in  Central- Asian  sheep.  It  has 
been  hypothesized  that  these  highly  developed  horns  are  necessary  for 
Jumping  crevasses.  However,  there  are  well-grounded  data  to  indicate 
that  the  sheep  do  not  make  such  Jumps,  since  they  live  on  mountain 
plateaus.  It  is  i^poseible  to  regard  this  peculiarity  as  a  secondary 
sexual  characteristic,  since  it  has  also  been  established  that  inten¬ 
sive  horn  growth  occurs  only  in  sheep  living  at  high  altitudes,  in  con¬ 
trast  to  those  living  in  tl»  foothills  (Tsalkln,  1931)' 

We  art  forced  to  the  conclusion  that  the  highly  developed  horns  of 
Central-Aslan  sheep  and  Ibeces  serves  as  an  adaptation  to  hlgh-altltude 


conditions,  since  an  In^jortant  constituent  of  the  horn  la  the  core, 
massive  bony  formations  containing  bone  marrow,  l.e.,  the  horn  Is  ar. 
additional  focus  of  hemoglobin  synthesis. 

Highly  developed  horns  are  one  of  the  forms  of  adaptation  to  hlgh- 
mountain  conditions.  However,  llamas,  which  are  also  excellently  adap- 
!  ted  to  hlgh-altltude  conditions,  lack  horns.  It  Is  apparent  that  they 
j have  other  adaptation  mechanisms.  It  is  well  known  that  llama  hemoglo- 

t 

I 

i  bln  has  a  very  high  affinity  for  oxygen.  It  Is  also  known  that  the  cam- 

1 

I  el’s  lungs  are  highly  developed,  constituting  approximately  3*55^  of  its 

I 

I 

i  body  weight.  Only  the  Jteal  has  such  lungs.  In  Central-Aslan  sheep  the 

I  lungs  constitute  2-5/^  of  the  body  weight,  v/hlle  In  domestic  sheep  they 

j 

^  con5)rise  1.25^  of  the  body  weight  for  the  Soviet  merino  and  1.75/^  of 
j  the  body  weight  for  Glssar  sheep. 

j  Study  of  the  morphological  and  physlolo  ’ cal -chemical  characterls- 
tics  of  various  animals  enables  us  to  discover  the  specific  mechanisms 
*by  which  they  adapt  to  high-altitude  conditions.  We  must  know  these 
characteristics  In  order  to  find  a  successful  solution  to  the  problem 
of  acclimatization  to  high-mountaln  conditions. 
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INVESTXa&TION  OP  OXXD/LfZVB  MBTASOLISM  ENZYMES  (SUCCINOXimSE  AND 
CYFOCmiOm  OXXIASK)  in  the  cerebral  OORm  and  inELENC£?HALON 

ZN  HYFOXIiUACCI<IlUTED  RATS 
'  .  Ye»yu.  Chenykayeva 

fe  (LenAJOgrad) 

Ue  hav*  pid>Xitiied  data  on  tKa  acclimatization  of  white  rats  to 
oKygen  detlelan^  in  a  aariaa  of  worka  (Kreps  et  al. ,  1936«  1956a,  and 
1956b). 

It  was  found  that  Iwenlng  several  generations  of  rats  imder  a  z*e> 
duced  ox^pn  concentration  (10.5^  In  the  anhient  medium)  increased 
their  capacity  to  withstand  acute  oxygen  starvation;  In  our  opinion, 
this  indicatea  that  acclimatisation  occurred.  A  number  of  changes  could 
be  observed  in  the  animals*  physiological  and  biochemical  systems.  Cer¬ 
tain  of  them,  affecting  the  respiratory  and  blood  systems,  set  In  rap¬ 
idly.  They  were  observed  in  the  first  (parent)  generation  of  acclimated 
rats  and  were  maintained  in  the  next  three  generations  examined.  The 
shifts  in  gaseous  interchangs,  which  were  manifested  in  an  ability  to 

t 

maintain  a  nozmal  level  in  an  environsmnt  with  a  reduced  oxygen  tension, 
set  in  later  ai»3  were  detected  in  rats  of  the  third  and  fourth  genera¬ 
tions.  The  biochemical  changes,  which  affected  tissue  oxidative  proces¬ 
ses,  apparently  set  in  substantially  later. 

In  our  earlier  examinations  of  all  three  generations  the  myoglobin 
and  cytochrome  C  contents  of  the  muscle  tissue  of  the  heart,  diaphragm, 
and  extremities  remained  within  normal  limits.  The  activity  of  the  cy¬ 
tochrome  oxidase  -  cytochrome  system  in  the  heart,  diaphragm,  and  brain 


in  the  acclimated  animals  did  not  differ  materlali>  from  that  In  tho 
control  animals.  On  the  basis  of  these  data  we  advanced  the  view  that 
the  reorganization  in  the  tissue  systems  is  more  complex  and  time-con¬ 
suming  than  the  processes  which  develop  during  the  first  itage  of  ac¬ 
climation,  affecting  primarily  the  physiological  systems  and  being  sim¬ 
ilar  in  character  to  adaptation.  True  acclimatization,  which  is  assoc¬ 
iated  with  profound  biochemical  tissue  reorganizations,  is  a  prolonged 
multistage  process  and  can  be  detected  only  in  later  generations  of  hy¬ 
poxia-acclimated  animals.  This  work  has  continued  and  we  now  have  avail¬ 
able  the  fifteenth,  sixteenth,  and  seventeenth  generations  of  hypoxia- 
acclimated  rats. 

This  report  presents  the  results  of  an  Investigation  of  the  activ¬ 
ity  of  two  oxidative  enzyme j,  cytochrome  oxidase  and  succlnoxidase,  in 
the  cerebral  cortex  and  myelencephalon  in  rats  of  the  fourteenth- seven¬ 
teenth  generations. 

In  contrast  to  our  prior  experiments,  in  which  we  used  the  mano- 
metrlc  method,  in  the  work  described  herein  we  employed  the  spectropho- 
tometrlc  method  to  determine  cytochrome  oxidase  activity.  This  method 
has  been  described  by  Hess  and  Pope  (1953)  and  Pope  et  al.  (1956)  as  an 
ultramlcroscoplc  method,  but  under  our  conditions  it  was  simply  a  mi¬ 
croscopic  method  and  enabled  us  to  make  determinations  in  0.5-1-0  mg  of 
moist  tissue.  The  cytochrome  oxidase  activity  was  determined  from  the 
rate  at  which  reduced  cytochrome  C  was  oxidized  by  enzyme  extracted 
from  the  tissue  homogenate. 

The  succlnoxidase  system  was  determined  by  the  tetrazole  method, 
from  the  reduction  of  a  tetrazoie-neotetrazole  salt,  which  is  reduced 
from  the  uncolored  to  the  colored  state  (fomiazine)  In  the  presence  of 
a  succinate  and  succlnoxidase. 

DETERMINATION  OF  CYTOCHROME  OXIDASE 

As  rule,  we  simultaneously  investigated  two  rats,  one  ''ontrol 
and  one  acclimated,  in  each  experiment.  The  animals  were  killed  by  de¬ 
capitation.  The  brain  was  quickly  removed,  placed  on  ice,  and  cleaned 
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of  blood  and  membranes.  The  cortex  was  excised  and  a  30-40  mg  weighed 
portion  was  pulverized  In  a  chilled  mortar  In  sodium  deoxycholate, 

1  mg  of  tissue  being  used  for  every  0.02  ml  of  deoxycholate.  The  homo¬ 
genate  was  centrifuged  at  5000  rpm  for  10  minutes  and  the  clear  super¬ 
natant  was  drawn  off  for  determination. 

The  sane  method  was  followed  for  the  myelencephalon:  we  always 
used  tissue  fragments  from  the  level  of  the  z4iombold  fossa.  Ihe  deter¬ 
mination  was  made  on  a  SF-4  spectrophotometer  at  a  wavelength  of  530 
millimicrons  (the  (^absorption  band  of  reduced  cytochrome  C).  The  cyto- 
chrome  solution  contained  2. 5* 10  N  of  reduced  cytochrome  C  In  a  0. 05 
M  phosphate  buffer  at  pH  7*4.  The  cytochrome  was  conqpletely  reduced  by 
adding  sodium  hydrosulfite  to  a  final  concentration  of  0. 001  M.  '^he  ex¬ 
cess  hydrosulfite  was  removed  by  shaking  the  test  tube  for  several  min¬ 
utes.  Two  Bllllleters  of  the  reduced  cytochrome  solution  was  poured  in¬ 
to  the  spectrophotometer  tube  (the  thickness  of  the  layer  In  the  tube 
was  1  cm),  a  first  reading  of  the  optical  density  D  was  taken,  and  ex¬ 
tract  containing  0.5*’1*0  mg  of  moist  tissue  was  added  to  the  tube.  Af¬ 
ter  the  tissue  was  added  we  began  to  make  readings  every  15  sec  for  2-3 
min.  The  rate  at  which  absorption  decreased,  which  characterized  the 
rate  at  which  the  reduced  cytochrome  was  oxidized,  served  as  the  cri¬ 
terion  of  enzyme  activity.  The  activity  of  the  cytochrome  oxidase  may 
be  expressed  as  the  change  In  optical  density  per  minute  per  unit  tis¬ 
sue  weli^t.  Our  calculations  were  made  for  the  first  30  Seconds  of  en¬ 
zyme  action,  l.e..  In  that  segment  of  the  curve  where  the  rate  of  de¬ 
crease  In  bsozptlon  was  a  linear  function  of  enzyme  activity.  This 
rate  also  depends  on  the  ratio  of  enzyme  to  cytochrome  In  the  sanple. 
Under  our  experlsiental  conditions  (at  a  cytochrome  concentration  of 
2.5*10'^  N  In  2  1^  of  solution)  the  quantity  of  tissue  added  could  not 
exceed  0.5  mg  for  the  cortex.  In  which  cytochrome  oxidase  activity  Is 
greater,  and  1  mg  for  the  myelencephalon  (Pig.  l). 

Figure  1  shows  the  change  In  optical  density  per  minute  as  a  func¬ 
tion  of  the  quantity  of  tissue  In  the  sample.  When  the  cytochrome  C 
concentration  In  the  sample  was  Increased  to  3.7*10"^  M  the  direct  pro¬ 
portionality  for  the  cortex  was  maintained  In  the  vicinity  of  0.75  mg 
of  tissue.  Figure  2  ,,^'e8ents  curves  for  the  cortex  and  myelencephalon 
representing  the  change  In  optical  density  with  time  at  two  tissue  con- 
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centratlons  in  the  cample  (calculated  per  me 
of  moist  tissue).  As  may  be  seen  from  Fie-  2, 
the  resulting  curve  is  linear  for  the  myel- 
encephalon  over  the  first  60  sec  with  0.  5  nig 
of  tissue  and  over  the  first  30  sec  with  1.2 
mg  of  tissue.  Ft>r  the  cortex  this  llr^ar 


Pig.  1.  Change  in  op¬ 
tical  density  D  as  a 
function  of  quantity 
of  tissue  in  sasqple. 
l)  Cortex;  2)  cortex 
in  e:^eriment  with 
cytochrome  concentra¬ 
tion  of  3- 7- 10-5  M;  3) 
myelencephalon;  4) 
change  in  optical  den¬ 
sity;  5)  queintity  of 
moist  tissue  employed 
in  experiment,  mg. 


function  persisted  for  only  45  sec  with  0.5 
mg  of  tissue,  the  reaction  going  almost  to 
conpletion  within  the  first  15  sec  with  1.2 
mg  of  tissue.  We  used  these  data  as  the  basis 
for  our  further  experiments  and  made  our  cal¬ 
culations  for  the  first  30  sec. 

Cytochrome  oxidase  activity  in  the  myel¬ 


encephalon  was  investigated  in  23  experiments  on  acclimated  rats  and  an 


equal  number  on  control  animals.  For  the  cortex  we  conducted  15  experi¬ 


ments  on  acclimated  rats  and  17  on  control  animals.  The  results  obtained 


Fig.  2.  Change  in  op¬ 
tical  density  D  with 
time  at  two  tissue  con¬ 
centrations  in  sample, 
l)  ftyelencephalon;  II) 
cortex;  A)  0.  5  mg  of 
moist  tissue;  B)  1.2  mg 
of  moist  tissue.  1) 
Change  in  optical  den¬ 
sity;  2)  time,  sec. 


are  shown  in  Fig.  3»  where  the  cytochrome  ox¬ 
idase  activity  is  expressed  as  the  change  in 
optical  density  D  per  min  per  mg  of  dry  tis¬ 
sue. 

As  may  be  seen  from  Fig.  3,  cytochrome 
oxidase  activity  in  the  myelencephalon  was 
higher  in  the  acclimated  rats  than  in  the 
control  animals.  The  mean  enzyme  activity  in 
the  experiments  on  the  control  rats  was  0.216, 
while  that  for  the  acclimated  animals  was 
0.286.  Statistical  processing  of  the  data  de¬ 
monstrated  this  difference  to  have  a  relia¬ 
bility  of  0.999.  We  were  unable  to  detect  any 
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reliable  differences  in  the  experiments 

on  the  cortex. 

EETERMIR'^ION  0?  SUOCINOXIEASE 

Buccinoxid&se  activity  was  determined 
in  cortical  and  myelencephallic  hoL.v^gen> 
atee  oy  Mattenberg  and  Long's  modifica¬ 
tion  (i960)  of  Shelton  and  Rice's  method 


Fig.  3.  QytochrOMe  oxi¬ 
dase  activity  expressed 
as  the  change  In  optical 
density  per  Mn  per  mg 
of  dry  tissue.  Ihe  dots 
represent  Individual  ex¬ 
periments  and  the  hori¬ 
zontal  lines  the  arith¬ 
metic  means.  I)  Hyelen- 
cephalon;  IX }  cerebral 
cortex.  1)  Change  In  op¬ 
tical  density;  2)  control 
animals;  3)  hypoxia-ac¬ 
climated  animals. 


(1957). 

The  homogenates  were  prepared  under 
refrigeration  by  manual  pulverization  of 
tissue  In  an  agate  mortar,  using  2  mg  of 
tissue  per  0.001  nd  of  0. 03  M  phosphate 
buffer  at  pH  J.k.  The  homogenate  was  add¬ 
ed  for  Incubation  to  a  solution  with  the 
following  coq>o8itlon:  0.11  M  NaCl,  0.003 
M  Kq,  0.001  H  MggSO^.,  0.03  M  NEgHPO^, 
0.03  M  sodium  succinate,  and  0. 3  mg  of 


tetrazole-neotetrazole  per  nl  of  solution.  From  3  to  40  mg  of  moist 
tissue  was  added  to  2  id  of  the  Incubation  mixture.  Incubation  lasted 
1  hr,  30  min  at  At  the  end  of  the  Incubation  period  the  reaction 

was  halted  by  adding  O.03  nd  of  3^  trichloroacetic  acid.  The  tetrazole. 


which  accepts  hydrogen  during  the  oxidation  of  succinate,  was  reduced 
and  converted  to  the  colored  state  (formaslne);  the  quantity  of  forma- 


zlne  characterizes  the  activity  of  the  enzymatic  reaction,  which  may  be 
expressed  in  mlcrogrsms  of  fozuazlne  formed  per  hr  per  mg  of  dry  tissue. 
Ihe  foxmazlne  was  extracted  with  a  mixture  of  tetrachlorethylene  and 
alcohol  (lt3)  and  the  extract  was  subjected  to  photometry  on  a  SP~4  ap¬ 
paratus  at  a  wavelength  of  340  Rillimlcrons. 


ae  results  of  these  experiments  are  shown  in  Pig.  4.  Succlnoxl- 
dase  activity  was  higher  In  the  cortex  than  in  the  myelencephalon.  How¬ 
ever,  we  were  unable  to  note  any  difference  in  enzyme  activity  between 


the  control  and  acclimated  rats  in  either  the  cortex  or  the  myelenceph¬ 


alon. 
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DISCUSSION  OP  EXPERIMENTAL  RESULTS 


In  our  previous  Investigations,  which  were  conducted  on  earlier 
(the  first  and  second)  generations  of  acclimated  rats,  we  detected  no 
marked  shifts  In  cytochrome  oxidase  and  cytochrome- system  activity  In 


Pig.  4.  Succlnoxldase  activity  expressed  as  micrograms  of  formazlne 
formed  per  hr  per  mg  of  dry  tissue.  The  figures  at  the  left  Indlcate 
mlcrograms  of  formazlne,  the  dots  represent  Individual  experin^nts,  and 
the  horizontal  lines  designate  the  arithmetic  means.  l)  Myel encephalon ; 
II )  cortex.  1)  MLcrograms  of  formazlne;  2)  control  animals;  3)  hypoxla- 
accllmated  animals. 


either  the  myocardium  or  the  brain.  In  the  chird  and  fourth  generaticns 
we  even  noted  a  slight  decrease  In  the  activity  of  this  system  when  It 
was  investigated  In  atmospheric  air.  However,  with  a  low  oxygen  tensloi 
the  cytochrome  system  of  the  brain  and  heart  proved  to  be  capable  of 
maintaining  a  higher  level  of  activity  than  In  the  control  animals.  The 
acclimated  rats  of  the  tMrd  €Uid  fourth  generaticns  also  exhibited  a 
slight  Intensification  of  anaerobic  glycolysis  In  the  brain  tissue. 

It  thus  seemed  to  us  that  the  third  and  fourth  generations  dis¬ 
played  two  types  of  changes  In  the  tissue  biochemical  systems  of  the 
bredLn  -  a  tendency  toward  Intensified  anaerobic  glycolyses  and  aii  al¬ 
teration  of  the  properties  of  the  cytochrome  system,  the  latter  taking 
the  form  of  greater  efficiency  under  new  (hypoxic)  envlronrK*ntal  condi¬ 
tions.  The  hemoglobin  content,  erythrocyte  count,  and  carbonic  anliy- 
•  drase  activity  of  the  blood  remained  at  a  high  level  in  these  genera¬ 
tions.  The  higher  survival  rate  among  the  acclimated  rats  under  condi- 
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tlons  of  — 1  hjpoxla  resulted  froB  the  aggregate  of  all  these  fac¬ 
tors. 

Co^paxlsoii  of  the  data  which  we  obtained  In  studying  tte  four¬ 
teenth- seewiiteaiith  generations  with  those  yielded  by  our  experloents  on 
the  first-fourth  generations  conflms  the  repeatedly  advanced  hypothes¬ 
is  that  the  focus  of  the  accliaatlzation  processes  shifts  to  the  tissue 
systens  in  later  generations.  Hhus^  the  blood  hemoglobin  content  In  the 
rats  of  the  fourteenth- seventeenth  generations  did  not  differ  as  mark¬ 
edly  froB  that  in  the  control  animals  as  In  the  early  generations.  In 
the  latter  case  the  difference  was  of  the  order  of  while  In  the 
later  generations  It  did  not  exceed  20%. 

We  also  noted  a  decrease  In  the  difference  In  hemoglobin  content 
during  true  acollBatizatlon  in  the  Inhabitants  of  hlgh-mountaln  villag¬ 
es  In  Tsey  ( '/^rshbinskaya,  Kreps,  Petlsenko,  Chenykayeva,  emd  Shmatova, 
1936).  It  w^.a  found  that  the  blood  of  those  villagers  who  had  always 
lived  under  hi|^-altitude  conditions  contained  less  hemoglobin  than  the 
blood  of  those  villagers  who  had  stayed  In  low-lying  areas  for  extended 
periods  (three- four  years)  and  recently  returned  to  their  native  vil¬ 
lage.  Mountain  clinbers  staying  at  the  alpine  caiEp  exhibited  the  same 
pattern  as  residents  of  Tsey  recently  returned  from  the  lowlands;  after 
20  days  in  caap  the  Increase  In  their  hemoglobin  count  reached  23^, 
while  the  hemoglobin  count  of  the  residents  who  had  always  lived  under 
hl^-nountain  conditions  exceeded  that  for  lowlemd  residents  by  J%. 

From  a  conparison  of  the  data  cited  above  we  may  conclude  that  the 
data  which  we  obtained  in  our  experiments  on  later  generations  cf  ac- 
clloBted  rats  Indicate  that  they  exhibit  a  higher  degree  of  acclimatiz¬ 
ation,  this  being  nanlfested  In  the  fact  that  the  cytochrome  system  be¬ 
comes  more  active  In  the  central  nervous  system,  at  the  stage  In  ques¬ 
tion  primarily  In  the  n^elencephallc  structures  most  closely  associated 


with  respiration;  this  also  explains  the  higher  survival  rate  a’Mnc 
these  animals  under  conditions  of  maximal  hypoxia.  Itie  most  ^.rofound 
tissue  reorganization  of  biochemical  systems  is  put  off  until  the  lact 
stage  of  the  change  in  the  blood  system  (hemoglobin  and  carbonic  anhy- 
drase ) . 

It  is  puzzling  that  there  are  no  changes  in  succlnoxldase  activity, 
this  enzyme  being.  Just  as  cytochrome  oxidase,  one  of  the  links  in  the 
general  oxidation  cycle. 
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HATE  OF  LIPID  AND  CARBOHYERATE  RENEtfAL  IN  THE  BRAIN  AND  LIVER  IN 


HYPOXIA 

It  I.  Prokhorova,  L.S.  RoDanova,  and  Q.  P.  Sokolova 

(Leningrad) 

A  charaeterlstic  which  distinguishes  the  brain  from  other  organs 
Is  Its  maintenance  of  a  hl^  netabollc  level  with  a  relatively  constant 
content  of  plastic  energy- containing  substances.  Ihls  Is  observed  both 
at  rest  and  In  various  functional  states.  However,  the  brain  Is  excep¬ 
tionally  sensitive  to  oxygen  deficiency;  we  consequently  undertook  a 
study  of  ^he  characteristics  of  lipid  and  carbohydrate  metabolism  In 
the  brain  and  liver  In  hypoxia. 

METHOD 

Hie  ejq>erlit»nts  wez*e  conducted  on  mature  white  rats.  H^oxla  was 
Induced  by  fcmatlon  of  ^^themoglobln;  sodium  ni  trite  was  used  as  the 
methemoglobln-fbmlng  agent.  The  nitrite  was  Injected  subcutaneously  In 
a  dose  of  13-20  Bg  per  100  g  of  body  wel^t.  The  experiment  lasted  43 
min  after  the  NaN02  Injection.  ApproxlBWitely  40-30$^  methemoglobln  was 
formed  In  the  blood  during  this  time  and  the  animals  developed  the 
characteristic  symptoms  of  hypoxia. 

The  total  lipid  content  was  determined  by  Folch,  Ascoll,  LLs,  Nlch^ 
and  LaBaron's  method  (1931}*  This  method  was  also  used  to  determine  the 
specific  activity  of  the  total  lipid  fraction. 

The  cholesterol  content  of  the  bx^n  and  liver  was  determined  by  a 
colorimetric  Method  based  on  the  Lleberman-Burkhard  color  reaction.  The 
principle  of  the  Wlndhaus  method,  which  consists  In  the  formation  of 
cholesterol-dlgltonlde,  was  used  to  measure  specific  cholesterol  activ¬ 
ity  (Prokhorova  and  Ttqplkova,  1959 )•  Ne  obtained  pure  cerebrosldes  and 
determined  their  specific  activity  by  the  proceidure  developed  by  Tara- 
nova  (1962)  from  the  methods  of  Azmen  (1953)  and  Radln,  Lavln,  and 
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.Braun  (1955)*  We  ei!?)loyed  Svennertiolm' s  modification  (1956)  of  Klenk'^ 

I  method  (19^2)  to  Isolate  the  gangllosldes  from  the  cerebral  tlcsue.  The 
I  glycogen  content  of  the  brain  was  determined  by  Kerr's  method,  while 
i  that  of  the  liver  was  determined  by  Pfluger's  method.  The  same  methcdc 
I  were  used  to  measure  specific  glycogen  activity  (Prokhorova  and  Tupi- 
I  kova,  1959;  Prokhorova,  Brodskaya,  and  Sokolova,  1957)-  The  glucose 
I  content  of  the  brain  and  liver  was  determined  by  Pujlta  and  Iwataka's 
method. 

TABLE  1 

Change  in  Total  Lipid,  Cholesterol,  Gly- 
i  cogen,  and  Glucose  contents  of  Brain  and 

I  Liver  in  Hypoxia 
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1)  Organ;  2)  working  conditions:  3)  total  lipids  (inj^);  4)  cholesterol 
(in  mg-5^h  5)  glycogen  (in  mg-J^);  b)  glucose  (in  mg-JS);  7)  brain;  8) 
liver;  9)  normal;  10)  hj^oxia. 

The  rate  of  total  lipid,  cholesterol,  and  cerebroside  metabolism 
was  determined  from  the  rate  at  which  radioactive  acetic  acid  adminis¬ 
tered  in  a  dose  of  30  m-C  per  100  g  of  body  weight  was  incorporated  into 
these  fractions,  while  that  of  ganglloslde  and  glycogen  metabolism  was 
determined  from  the  rate  of  glucose  incorporation.  Since  glycogen  is 
synthesized  from  glucose  considerably  more  intensively  than  ganglio- 
sides,  we  administered  5  of  glucose  to  study  glycogen  metabolism  and 
25  M-C  to  study  ganglloslde  metabolism.  Exposure  to  the  radioactive  sub¬ 
stance  lasted  1  hour.  The  specific  activities  of  all  the  components  in¬ 
vestigated  were  expressed  in  pulses/min  per  mg  of  carbon  (specific  ac¬ 
tivity  is  henceforth  abbreviated  SA  and  relative  specific  activity  RSA). 

In  order  to  evaluate  the  radioactivity  level  in  the  cerebral  and 
hepatic  tissues  we  measured  the  specific  carbon  activity  of  bradn  and 
liver  homogenates  in  all  the  experiments  (Prokhorova  and  Tupikova, 

1959). 
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We  did  not  Investigate  choleeterol  metabolism  in  the  brain,  since 
its  rate  is  extremely  low  in  satire  animals.  The  experimental  data  ob¬ 
tained  were  subjected  to  statistical  processing. 

EXPERIMENTAL  RESULTS 

Ihe  data  obtained,  which  characterize  the  changes  in  the  contents 
of  the  components  investigated,  are  shown  in  Table  1. 

As  may  be  seen  from  Table  1,  the  total  lipid  content  of  the  brain 
did  not  change  in  hypoxia.  There  was  a  drop  in  th^i  totai  lipid  and 
cholesterol  contents  of  the  liver  (statistically  reliable).  The  glucose 
ccmtent  of  the  brain  and  liver  remained  virtually  normal,  the  changes 
observed  not  being  statistically  reliable.  The  glycogen  content  v&rleA 
most  markedly  in  ]^ni>oxia.  It  decreased  by  an  average  of  25-30^  In  the 
brain.  An  especially  sharp  drop  in  glycogen  content  was  observed  in  the 
liver  in  hypoxia;  while  it  normally  averaged  2100  mg-^,  in  the  presence 
of  oxygen  def^.clency  It  dropped  to  490  mg-^. 

TAB1£  2 

Influence  of  ihni>oxia  on  Specific  Activity  of 
Homogenate  and  Individual  Lipid  Fractions  in 
the  Brain  and' liver 


1)  Organ;  2)  radioactive  substances;  3)  experimental  conditions;  4)  num¬ 
ber  of  experiments;  5)  pulses/mln/mg  of  carbon;  6)  homogenate:  7)  total 
lipids;  ^  cerebrosides;  9)  gingliosldes;  10)  cholesterol;  11 )  brain; 

12)  liver;  13)  acetate;  l4)  glucose;  15)  normal;  16)  hypoxia. 

As  is  well  known,  quantitative  changes  do  not  always  reflect  the 
rate  of  metabolism  of  the  substances  under  investigation,  since  their 
decoii5>osltlon  and  synthesis  are  usually  in  dynamic  equl librium.  A  change 
in  the  content  of  the  con5)onent8  under  study  results  from  predominance 
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1 

Of  the  anabolic  or  catabolic  processes  occurring  in  the  organism;  in 
i  the  first  case  the  metabolite  content  is  elevated,  while  in  the  second 
It  is  reduced-  Ihe  rate  of  renewal  of  the  components  under  investiga¬ 
tion  may  be  established  by  the  radioactive- tracer  method.  As  was  already 

14 

noted,  we  used  acetate  and  glucose  containing  radioactive  carbon,  C  , 
for  this  purpose.  Table  2  shows  the  specific  activity  of  the  carbon  of 
the  individual  lipid  fractions  and  homogenates  in  the  brain  and  liver 

I 

under  normal  conditions  and  in  hjrpoxla. 

It  may  be  seen  from  Table  2  that  the  SA  of  the  brain  homogenate 
dropped  sharply  (from  196  to  4?  pulses/mln/mg)  in  the  hypoxic  animals 
on  administration  of  acetate;  the  SA  of  the  total  lipldd  and  cerebro- 
sldes  also  decreased.  Conversely,  on  administration  of  glucose  the  SA 
of  the  brain  homogenate  Increased  from  124  to  234  pulses/mln/iag,  which 
indicates  retarded  glucose  utilization  in  hypoxia.  The  SA  of  the  total 
lipid  fraction  increased,  while  the  ganglloslde  radioactivity  level  was 
unaltered. 

The  SA  of  the  liver  homogenate  remained  at  approximately  the  same 
level  under  normal  conditions  and  in  hypoxia.  At  the  same  time,  the  SA 
of  the  total  lipid  fraction  decreased  from  249  to  162  pulses/mln/mg; 
cholesterol  SA  dropped  especially  sharply,  from  1033  to  545  pulses/mln/ 
/mg.  Since  the  radioactivity  level  in  the  brain  and  liver  changed,  we 
determined  the  relative  specific  activity  (RSA)  in  order  to  get  a  more 
adequate  representation  of  the  rate  of  renewal. 

The  RSA  is  the  ratio  of  the  SA  of  the  C  in  the  substances  under 
Investigation  to  the  SA  of  the  C  in  the  homogenate. 

In  our  experiments  the  SA  of  the  homogenate  carbon  was  arbltrarll/ 
assumed  to  be  one.  Data  on  the  RSAs  of  the  individual  lipid  fractions 
under  ncn^otl  conditions  and  in  hypoxia  are  given  in  Pig,  1. 

As  may  be  seen  from  Fig.  1,  the  RSA  of  the  total  cerebral  lipids 
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in  hypoxia  did  not  vary  noticeably  on 
ackdJilstration  of  acetate  or  glucose; 
the  RSA  of  the  cerebrosides  also  re- 
nalned  essentially  unaltered.  Diere  was 
a  narked  drop  in  gangll  side  RSA,  from 
1.39  to  0.78,  which  indicates  retarded 
ganglioside  synthesis  in  hypoxia. 

Hhe  RSA  of  the  total  hepatic  lipids 
decreased  from  1.8  to  1.0;  the  cholester¬ 
ol  RSA  dropped  especially  sharply,  from 
the  nomal  7*3  to  3*  3*  These  date  indi¬ 
cate  a  marked  decrease  in  the  rate  of 
renewal  of  total  lipids  and  cholesterol 
in  the  liver  in  hypoxia.  7!nble  gives  the  results  of  investigation  of 
the  SA  of  cerebral  and  hepatic  carbohydrates  under  normal  conditions 
tABUI  3 

Influence  cf  Hypoxia  on  ^;>eciflc  Activity  of 
Honogenates  and  Glycogen  in  the  Snnd.n  and 
Liver  (after  Administration  of  Ci^-glucose) 
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1)  Organ;  2)  experiae^ntal  conditions;  number  of  experiments;  4)  pul- 
Bea/mln/wR  of  carbon;  5)  hostogenate;  6;  glvcogen;  7)  pulse s/min/g  of 
tissue;  8/  brain;  9)  liver;  10)  normal;  11)  hypoxia. 

and  in  hypoxia. 

As  may  be  seen  from  the  data  in  Table  3,  the  SA  of  the  cerebral 
and  hepatic  homogenates  remained  essentially  unaltered.  At  the  same 
time,  the  SA  of  the  cerebral  and  hepatic  glycogen  decreased  markedly. 
The  m>Bt  obvious  change  in  the  rate  of  glycogen  renewal  in  hypoxia  was 
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Pig.  1.  halative  H>ee- 
ific  activity  of  cere¬ 
bral  and  h^tic  lipid 
fractions  under  noiml 
conditions  and  in 
poxia.  1)  KorVHl;  ^ 
in  hypoxia;  A)  Total 
lipids;  B)  cenbvo- 
sidet;  C)  ohDlesterol; 
D)  ga^ioaidaa.  3} 
brain;  4)  Uver;  5) 
acetate;  6)  glucoae. 
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detected  In  determining  glycogen  radioactivity  p«'r  ^  of  tissue.  Wo  tooK 
Into  account  both  the  SA  of  the  substance  under  Investigation  and  Its 
content  In  making  this  calculation.  In  the  case  In  question,  l.e.,  un¬ 
der  conditions  of  hypoxia,  the  radioactivity  of  the  cerebral  glycogen 
per  ^  of  tissue  decreased  by  an  average  factor  of  almost  2.5  (from  136 
to  57  pulse s/mln/rag).  The  radioactivity  of  the  hepatic  glycogen  was  re¬ 
duced  still  further,  by  a  factor  of  nearly  10  (from  4l6  to  43  pulses/ 
/mln/mg).  These  data  Indicate  a  sharp  retau^dation  of  glycogen  synthesis 
in  the  brain  and  liver  In  hypoxia,  as  is  also  confirmed  by  determina¬ 
tion  of  the  glycogen  RSA  and  the  percentage  radioactive  carbon  content 
of  the  cerebral  and  hepatic  glycogen.  The  corresponding  data  are  given 
In  Fig.  2.  The  total  carbon  radioactivity  in  the  homogenate  of  the  tis¬ 
sues  under  investigation  was  taken  as  100^. 

As  may  be  seen,  the  cerebral  glyco¬ 
gen  was  metabolized  at  a  greater  rate 
than  the  hepatic  glycogen  or,  especially, 
the  lipid  components  (Fig.  l).  On  com¬ 
parison  of  the  RSAs  of  the  Individual 

ft  ft,  I  t  12 

Mut  •rmt'  fractions  w’ th  the  RSA  of  the  cerebral 

Fig.  2.  Radioactivity  glycogen  it  Is  found  that  the  latter  Is 

of  cerebral  and  hepatic 

glycogen  under  normal  renewed  approximately  50-100  times  as 

conditions  and  in  hypox¬ 
ia.  1)  Normal;  2)  In  hy-  rapidly  as  the  former, 

poxla;  3)  brain;  4)  liv¬ 
er.  It  may  also  be  seen  from  the  data 

in  Fig.  2  that  the  RSA  of  the  cerebral  glycogen  was  38  under  normal 
conditions,  but  decreased  to  21  In  hypoxia.  Ihe  RSA  of  the  hepatic  gly¬ 
cogen  was  3-2,  but  was  reduced  to  1.2  In  the  presence  of  oxygen  defi¬ 
ciency.  The  cerebral  glycogen  contained  an  average  of  9.8%  of  the  total 

14 

radioactive  carbon  of  the  cerebral  homogenate  under  conditions,  the  C 
content  decreasing  to  ^.8%  In  hypoxia.  An  even  more  marked  change  was 


observed  in  the  liver:  under  normal  conditions  the  hepatic  glycogc-n  ac¬ 
counted  for  21.3^  of  the  total  in  the  hepatic  homogenate,  while  in 
the  presence  of  oxygen  deficiency  it  comprised  only  1.95^*  All  this  in¬ 
dicates  a  severe  retardation  of  glycogen  synthesis  in  the  brain  and  es¬ 
pecially  in  the  liver  in  the  presence  of  oxygen  deficiency.  Energy  re¬ 
sources  are  ednmsquently  greatly  reduced  in  hypoxia  and  this  leads  to  a 
severe  deterioration  of  the  aniaalh  condition. 

COUCLUSIOHS 

1.  Ihe  content  azid  rate  of  renewal  of  the  total  cerebral  lipids 
and  the  rata  of  cerebroside  renewal  remained  unchanged  in  hypoxia.  The 
rate  of  ganglioside  renewal  from  glucose  was  almost  halved  in  hypoxia. 

2.  A  substantial  decrease  in  the  total  lipid  and  cholesterol  con¬ 
tents  of  the  liver  was  noted  in  the  presence  of  oxygen  deficiency.  The 
rate  at  which  these  eompottnos  were  renewed  was  even  more  markedly  al¬ 
tered.  TSie  relative  specific  activity  of  the  total  lipid  fraction  and 
cholesterol  was  reduced  by  a  factor  of  1.8-2. 2. 

I? 

3.  The  glycogen  content  of  the  brain  decreased  by  an  average  of 
23-30^  in  hypoxia,  tdiile  that  of  the  liver  was  reduced  by  a  factor  of 
four.  The  rate  of  glycogen  renewal  was  also  sharply  altered.  The  rela¬ 
tive  specific  activity  cf  the  cerebral  glycogen  decreased  by  a  factor 
of  1.8,  while  that  of  the  hepatic  glycogen  was  reduced  by  a  factor  of 
approximately  2.6.  Accordingly,  the  radioactivity  of  the  cerebral  glyco¬ 
gen  per  £  of  tissue  decreased  by  a  factor  of  2.6  and  that  of  the  hepa¬ 
tic  glycogen  decreased  by  a  factor  of  almost  11. 
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OXYGEN- FIXING  PROPERTIES  OF  BLOOD  HEMOGLOBIN  DURING  ACCLIMATIZATION  OF 

THE  ORGANISM  TO  CHRONIC  HYPOXIA 
V. I.  Voytkevlch 
(Leningrad) 

During  accllmallzatlon  to  clironlc  oxygen  starvation  a  whole  series 
of  changes  intended  to  condensate  for  this  condition  occur  In  all  the 
systems  of  the  organism,  ffcre  specifically,  the  changes  In  the  circula¬ 
tory  system  Include  8ui  Increase  In  the  erythrocyte  and  hemoglobin 
counts  of  the  blood  and  an  Increase  In  the  quantity  of  blood  In  the 
brain. 

Ihere  Is  a  difference  of  opinion  regarding  the  possibility  of  a 
change  in  hemoglobin  properties,  l.e.,  a  change  In  the  respiratory 
function  of  the  bloc'.’  'under  the  Influence  of  hypoxia  during  acclimati¬ 
zation.  One  of  the  basic  qualitative  Indices  of  hemoglobin  is  the  shape 
and  position  of  the  oxyhemoglobin  dissociation  curve.  Certain  authors 
(Dili,  1931 ; •Hall,  mil  and  Barron,  1936;  Barbashova,  19^1;  Barbashova 
and  Genetlnskly,  19^2;  et  al.  )  did  net  detect  any  changes  in  the  oxy¬ 
hemoglobin  dissociation  curves  during  acclimatization  to  chronic  oxyt^en 
starvaticn.  Other  authors  (Barcix)ft,  Kemls,  Roberts,  ar4d  Mathlson,  1911- 
1912;  Khurtado,  1959;  et  al.  )  found  that  the  oxyhemoglobin  di'’ sociation 
curve  was  displaced  to  the  right.  Still  others  (Slonlm  et  al. ,  1959,. 
and  others)  detected  a  shift  to  the  left  in  the  dissociation  curve. 
Chamyy,  et  al.  ,  (19^6)  found  that  when  dogs  were  subjected  to  repeated 
"ascents"  to  an  "altitude"  of  9OOO  m  the  curve  acquired  a  very  marked 
S- shape  (it  was  displaced  to  the  right  in  the  vicinity  cf  the  lower  in- 


flection  3154  to  ttie  left  In  the  vicinity  of  the  upper  inflection).  01'- 
nyanskaya  et  (19^)  iihowed  that  when  sheep  are  acclimatised  to  an 
altitude  of  4000  a  the  oxyhemoglobin  dissociation  curve  is  displaced  to 
the  left  in  chax^^ig  segMnt  aiKi  to  the  ri^t  in  the  discharging 
segment. 

The  work  described  httmXn  was  Intended  as  a  study  of  the  whole- 
blood  oxybrnnoglobin  dissociation  curves  of  white  rats  during  acclimati¬ 
zation  to  chronic  oxygen  starvation  over  a  nuiEber  of  generations  (from 
the  first  to  the  thirteenth.  Inclusive). 

For  this  puz^se  we  placed  the  rats  in  a  "hypoxic”  gas- flow  cham^ 
ber  with  a  capacity  of  10  A  mixture  of  nitrogen  (89. 35^)  and  oxygen 
(10.5/^)  was  supplied  to  the  chamber  under  normal  atmospheric  pressure. 
The  carbon  dioxide  and  moisture  which  accumulated  in  the  chamber  were 
absorbed  by  soda  lime  and  silica  gel.  The  air  in  the  chamber  was  agi¬ 
tated  by  a  fan  and  the  oxygen  and  carbon  dioxide  contents  were  checked 
periodically.  A  liypoxlc"  regime  was  maintained  in  the  chamber  for  12 
hours  a  day  and  the  chamber  door  was  left  open  for  the  remaining  12 
hours. 

The  rats  spent  their  entire  lives  and  reproduced  in  this  chamber. 
Ihe  control  rats  and  multiplied  under  normal  atmospheric  conditions. 

The  "hypoxic”  and  control  rats  were  from  the  same  source  and  were  kept 
on  the  same  Uet.  The  Investigation  was  conducted  on  mature  male  and 

female  rats  6-13  months  old.  Each  experiment  was  performed  on  "hypoxic" 

» 

and  control  animals  of  the  same  sex,  age,  and  weight. 

A  new  method,  cell  oxyhemoaetry,  was  employed  to  obtain  the  oxy¬ 
hemoglobin  dissociation  curves.  The  percentage  oxygen  saturation  of  the 
blood,  i.e. ,  the  percentage  Hb02«  was  determined  within  2  min  with  this 
method,  as  compared  with  1-1. 5  hr  for  the  van  Slyke  apparatus;  only  0.4 
na  of  blood  was  required  for  analysis. 

In  order  to  construct  each  oxyhemoglobin  dissociation  curve,  I.e., 
the  curve  showing  the  percentage  HbOg  as  a  function  of  partial  oxygen 
pressure,  we  determined  eight  points.  Consequently,  blood  was  taken  si¬ 
multaneously  from  two  rats  of  the  same  litter  and  sex  for  each  experi¬ 
ment  (involving  parallel  investigations). 

In  all  the  experiments  the  saturators  containing  the  blood  were 
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I  filled  with  the  samra  eight  gas  mixtures,  which  were  prepared  beforehand 

1  in  tanks  under  hi^  pressure.  Ail  eight  mixtures  contained  the  same 

I  percentage  of  carbon  dioxide  (5.  l.e.,  its  partial  pressure  was 

% 

I  40. 3  n®  Hg  at  a  total  pressure  of  760  mm  Hg.  The  oxygen  contents  of  the 

I  mixtures  were  2.4,  4.4,  5.2,  6.3,  8.3,  10. 5,  11.6,  and  13.4^^;  the  cor- 

I 

responding  partial  oxygen  pressures  at  a  total  pressure  of  76O  mm  Hg 
were  18.2,  33-^,  39-5,  47-9,  63. 1,  79-8,  88.7,  and  101.8  mm  Hg. 

I  We  Investigated  nine  whole- blood  oxyhemoglobin  dissociation  curves 

for  the  'hypo.xlc"  rats  of  the  first  generation.  These  rats  were  placed 
in  the  "hypoxic"  chamber  at  an  age  of  2-2.5  months  and  remained  there 
for  12-13  months.  Not  a  single  one  of  these  curves  differed  from  the 
curve  for  the  control  rats. 

Of  the  ten  dissociation  curves  obtained  for  the  "hypoxic"  rats  of 
the  second  generation,  l.e.,  rats  which  had  been  bom  in  the  "hypoxic" 
chamber  and  spent  their  entire  lives  in  it,  two  were  displaced  with 
respect  to  the  curves  for  the  control  animals.  One  curve  was  shifted  to 
the  right  in  the  vicinity  of  tiie  lower  inflection  and  the  other  was 
shifted  to  the  left  In  the  vicinity  of  the  upper  inflection  and  to  the 
right  in  the  vicinity  of  the  lower  inflection  (Fig.  1). 
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Fig.  1.  Exan$)les  of  whole-blood  oxyhemoglobin  dissociation  curves  for 
"hypoxic"  rats  (l),  which  differ  from  those  for  control  rats  (2).  a) 
Shifted  to  the  left  in  the  vicinity  of  the  upper  inflection;  b)  shifted 
to  the  right  in  the  vicinity  of  the  lower  inflection;  c)  shifted  to  the 
left  in  the  vicinity  of  the  upper  Inflection  and  to  the  right  in  the 
vlclalty  of  the  lower  inflection.  3) 

Of  the  ten  oxyhemoglobin  dissociation  curves  investigated  for  the 
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poxlc"  rats  of  the  third  |^ner«tlon  three  did  not  correspond  to  thoso 
the  control  rftti;  ti»Q  Here  displaced  to  the  loft  in  the  vicinity  of 
upper  Inflection  and  €»ie  eaa  displaced  to  the  right  In  the  vicinity 
the  lower  inflection. 

Of  the  14  dissociation  curves  obtained  for  "hypoxic"  rats  of  the 
ith-^ leventh  generatiens  eight  were  displaced  with  respect  to  those 
'  the  control  aninals:  the  upper  segients  of  five  were  shifted  to  the 
t,  the  lower  sepaents  of  two  were  shifted  to  the  right,  and  one  ex¬ 
ited  an  upper  segnent  displaced  to  the  left  and  a  lower  seginent  dis¬ 
ced  to  the  right. 

Of  the  seven  curves  obtained  for  "hypoxic"  rats  of  the  twelfth 
ieratlon  four  were  displaced  with  respect  to  the  curves  for  the  con- 
j1  rats:  three  were  shifted  to  the  left  in  the  vicinity  of  the  upper 
lection  and  one  was  shifted  to  the  rlpit  in  the  vicinity  of  the  low- 
inflection. 

Finally,  of  the  11  oxyhemoglobin  dissociation  curves  investigated 
"hypoxic"  pats  of  the  thirteenth  generation  six  were  shifted  with 
epect  to  those  for  the  controls:  the  upper  segnsents  of  three  were 
^placed  to  the  left,  the  lower  segments  of  two  we  e  shifted  to  the 
^*t,  and  one  exhibited  an  upper  segment  displaced  to  the  left  and  a 
ver  segment  displaced  to  the  right. 

Thus,  more  of  the  oxyhemoglobin  dissociation  curves  failed  to  cor- 
epond  to  those  of  the  control  animals  for  the  "hypoxic"  rats  of  later 
aerations  (tenth- thirteenth)  than  for  those  of  earlier  generations 
econd- third).  Of  the  32  dissociation  curves  obtained  for  the  tenth- 
irteenth  generations  of  rats  acclimated  to  chronic  oxygen  starvation 
,  or  565^,  were  displaced;  of  the  20  curves  for  "hypoxic"  rats  of  the 
cond- third  generations  only  five  or  255^,  differed  from  those  for  the 
ntrol  rats. 
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Consequently,  according  to  our  data,  a 


shift  is  observed  In  the  oxyhemoglobin  dls- 
slcoatlon  curves  of  all  rats  subjected  to 
chronic  oxygen  starvation.  Some  regularity 
may  be  noted  In  the  frequency  with  which  the 
configuration  of  the  dissociation  curves  Is 
altered.  The  increase  in  the  percentage  of 
displaced  curves  is  a  function  of  the  number 
of  generations  subjected  to  chronic  oxygen 
starvation. 

Thus,  In  "hypoxic"  rats  of  the  first 
generation  there  were  no  displaced  oxyhemo¬ 
globin  dissociation  curves  at  all.  In  rats  of 
the  second  generation  the  number  of  displaced 
curves  constituted  20^  of  the  total  number  of 
curves.  In  rats  of  the  third  generation  this 
figure  was  In  rats  of  the  tenth-eleventh  generations  it  was 

in  rats  of  the  twelfth  generation  It  was  575^  as  well,  and  In  rats  of 
the  thirteenth  generation  It  was  555^  (Pig*  2). 

It  must  be  noted  that  the  oxyhemoglobin  dissociation  curves  for 
the  "hypoxic"  rats  (regardless  of  generation)  were  most  frequently  dis¬ 
placed  to  the  left  In  the  vicinity  of  the  upper  inflection  (according 
to  our  data,  in  57^  of  all  cases),  were  less  frequently  shifted  to  the 
right  in  the  vicinity  of  the  lower  Inflection  (in  30^  of  all  cases), 
and  were  even  more  rarely  displaced  to  the  left  in  the  vicinity  of  the 
upper  Inflection  and  to  the  right  in  the  vicinity  of  the  lower  inflec¬ 
tion  (in  13/^  of  all  cases). 

All  the  changes  which  we  detected  in  the  position  of  the  S-shaped 
oxyhemoglobin  dissociation  curve  are  a  manifestation  of  acclimatization 
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Fig.  2.  Number  of 
whole -blood  oxyhemo- 
blogln  dissociation 
curves  for  "hypoxic" 
rats  differing  from 
the  dissociation  curves 
for  control  rats  (in 
5^).  Hie  figures  above 
he  bars  indicate  the 
percentage  of  the 
curves  for  the  "hypox¬ 
ic"  rats  differing 
from  those  for  the 
control  rats;  the  fig¬ 
ures  beneath  the  col¬ 
umns  Indicate  the  gen¬ 
erations  of  "hypoxic" 
rats. 


of  the  organlan  to  chronic  hypoxia^  l.e. ,  adaptation  directed  at  pre¬ 
venting  tissue  oxygen  starvation. 

In  order  for  heaoglobln  to  efficiently  carry  out  the  transfer  of 
oxygen  frcxn  the  lungs  to  the  tissues  It  Is  necessary  that  It  be  com¬ 
pletely  oxidized  at  the  oxy^n  tension  present  In  the  lungs  and  that 
the  oxygen  which  It  fljes  be  released  without  delay  In  the  tissue  cap¬ 
illaries.  The  oxyhemoglobin  dissociation  curves  characterize  the  res¬ 
piratory  function  of  the  blood  and  give  us  some  notion  of  the  affinity 
of  the  hemoglobin  for  oxygen.  The  oxyhemoglobin  dissociation  curves  for 
the  "hypoxic"  rats,  which  were  shifted  to  the  left  In  the  vicinity  of 
the  upper  Inflection  or  to  the  right  In  the  vicinity  of  the  lower  In¬ 
flection  with  respect  to  the  curves  for  the  control  rats,  thus  charac¬ 
terize  the  organism's  ability  to  exist  more  efficiently  under  hypoxic 
conditions. 

A  displacement  of  the  dissociation  curve  to  the  left  In  the  vicin¬ 
ity  of  the  upper  Inflection  Indicates  an  Increase  In  the  capacity  of 
the  hemoglobin  for  oxygen  absorption  in  this  region,  l.e.,  at  a  compar¬ 
atively  high  partial  oxygen  pressure. 

This  Is  favorable  to  an  organism  living  under  hypoxic  conditions, 
since  the  arterial  blood  can  be  saturated  with  more  oxygen  at  a  lower 
partial  oxygen  pressure  In  the  Inhaled  air  than  Is  ordinarily  the  case. 
As  a  result,  the  arterial-venous  oxygen  difference  Increases  and  the 
tissues  receive  more  oxygen. 

A  displacement  of  the  dissociation  curve  to  the  right  In  the  vicin¬ 
ity  of  the  lower  Inflection  Indicates  a  decrease  in  the  affinity  of  the 
hemoglobin  for  oxygen  at  lower  partial  oxygen  pressures.  The  tissues 
may  receive  more  ocygen  from  the  blood  In  this  case,  since  oxyhemoglo¬ 
bin  dissociation  begins  at  a  higher  oxygen  tension  in  the  tissues.  All 
of  the  shifts  which  we  observed  In  the  oxyhemoglobin  dissociation  curves 


are  consequently  beneficial  to  an  organism  living  under  condltiono  ol 
oxygen  starvation. 

Finally,  we  may  conclude  that  a  change  In  the  oxygen- fixing  pro¬ 
perties  of  hemo£.\obln  may  occur  during  prolonged  acclimatization  of  a 
number  of  generations  of  rats  to  hypoxic  conditions;  this  change  begin 
with  the  second  generation  and  Is  one  of  the  organism's  protective 
measures  for  combating  oxygen  steurvatlon. 


COUPIZD  ION  EXCHANGE  OF  POTASSIUM  AND  SODIUM  SALTS 
BETWEEN  HUMAN  ERYTHROCYTES  AND  BLOOD  PLASMA  AT 
VARIOUS  PARTIAL  OXYGEN  PRESSURES 
I.M.  Dedyulln 
(Leningrad) 

Our  data  clarify  the  mechanism  of  the  regulatory  Increase  which 
occurs  in  the  potassium  content  of  human  blood  serum  at  high  altitudes, 
a  phenomenon  unexplained  for  the  past  25  years.  We  will  discuss  the 
lon-exciiange  adsorption  of  potassium  etnd  sodium  chlorides  by  amino 
acids.  Amino  acids  are  found  In  the  adsorbed  state  on  the  surface  of 
erythrocytes  (Abdergalden,  1923;  B.I.  Abarskly,  1925)  and  are  anphlo- 
nltes  capable  of  fixing  both  positively  charged  potassium  and  sodium 
Ions  and  negatively  charged  chlorine  Ions.  We  will  also  explain  the 
preferential  adsoi^ptlon  of  potassium  Ions  In  the  pulmonary  circulatory 
system  and  sodium  Ions  In  the  systemic  circulatory  system.  The  conver¬ 
sion  of  hemoglobin  to  oxyhemoglobin  In  the  lungs  and  the  possibility 
of  hydrochloric  acid  formation  accounts  for  the  liberation  of  potassium 
from  erythrocytes  and  Its  adsorption  by  the  amino  acids  on  the  erythro¬ 
cyte  surface. 

The  entry  of  a  large  quamtlty  of  carbon  dioxide  Into  the  blood 
plasma  In  the  capillaries  of  the  systemic  circulatory  system  leads  to 
Intensive  formation  of  carbonic  acid,  "which  competes  successfully  for 
sodium";  this  results  In  the  fonnatlon  of  hydrochloric  acid.  The  latter 
dislodges  potassium  Ions  from  the  erythrocyte  surface  and  they  th^'r.  en¬ 
ter  the  erythrocytes  In  the  form  of  potassium  chlorides.  Sodium  Ions 
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I  are  preferentially  adsorbed  on  the  erythrocyte  surface.  This  procecc  iz 

!  well  balanced  under  uniform  conditions  at  altitudes  of  4250,  5300,  and 

1 

5096  m,  because  of  the  Intensive  "washing  of  carbon  diloxlde"  from  the 
blood  In  the  pulmonary  circulatory  system,  and  the  development  of  gaa 
alkalosis  Is  not  con^letely  compensated  In  the  capillaries  of  tye  sys¬ 
temic  circulatory  system.  Ihls  leads  to  an  Increase  In  potassium  concen¬ 
tration  In  the  blood  serum. 

The  Increases  which  we  detected  In  potassium  content  on  storing  a 
blood  clot  under  refrigeration  only  confirm  the  adsorption  mechanism  of 
the  Increase  In  potassium  content  observed  In  human  blood  serum  at  high 
altitudes. 

The  arguments  advanced  above  support  the  sorption  theory  of  cell 
permeability  (D. N.  Nasonov,  V. Ya.  Aleksandrov,  and  A. S.  Troshin), 
strike  a  blow  at  the  "sodium  pump"  theory,  confirming  Its  Incorrectness, 
and  permit  us  to  advance  the  alternative  hypothesis  that  buffer  systems 
composed  of  hemoglobin  and  oxyhemoglobin  are  the  basic  systems  Involved 
In  regulating  exchange  of  minerals  between  erythrocytes  and  blood  plasma. 
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r^TA  ON  HYPOXIA  AND  ACCUMATIZATION 


L.  0.  Filatova  I 

Frunze 

Hie  cttZTtnt  state  of  tlM  theory  of  acclimatization  does  not  permit 
ur  to  poBtttlats  any  sln^  acclimatization  mechanism  for  all  organisms 
and  for  various  cases  of  oxygen  deficiency. 

Investlcstlons  which  we  conducted  over  a  number  of  years  in  Kirgiz 
Indicated  that  substantial  differences  In  physiological  functions  occur 
under  the  conditions  of  the  Tyan*>Shan'  mountain  system  In  comparison 
with  other  mousatalnous  regions.  I 

These  differences  consist  primarily  In  a  marked  persistent  decrease! 

i 

In  energy  consumption  In  both  humans  and  animals.  The  mechanism  of  this 
decrease  Is  not  clear.  However,  there  Is  reason  to  believe  that  a  con¬ 
siderable  change  (depression)  occurs  In  the  functional  state  of  the  thy¬ 
roid  gland  under  these  conditions  (M.K.  Akhunbayev  et  al. ,  1955)- 

Ihe  decrease  In  thyroid  functioning  which  occurs  under  the  condl-  ’ 
tlons  of  Kirgiz  may  have  an  adaptive  character.  It  Is  well  known  that 
cessation  of  thyroid  functioning  causes  an  increase  In  the  organism's 
resistance  to  altitude  (P.N.  Veselkin,  1942;  M. Ye.  Vasilenko,  1955;  our 
data,  1935)  by  depressing  metabolism  and  apparently  by  reducing  the  sen¬ 
sitivity  (f  the  cerebral  cortex  to  hypoxia,  since  the  thyroid  hormone  Is 
a  specific  cortical  stlimUant.  A  decrease  In  cortical  sensitivity  may 
also  cause  the  cortex  to  become  more  stable  to  the  action  of  stimuli 
picked  up  by  many  receptors. 

A  physiological  paradox  may  be  observed  under  experimental  condl-  ! 


% 
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tlons  when  the  erythrocyte  and  hemoglobin  counts  decrease  by  ^0-50^  (as 
a  iresult  of  blood-letting)  and  the  organism’s  resistance  to  altitude 
not  only  falls  to  decrease,  but  even  Increases.  This  Increase  is  ap¬ 
parently  caused  (L. G.  Filatova  and  E.  Abdlkasheva,  196I)  by  a  substan¬ 
tial  reduction  in  gaseous  Interchange  after  blood-letting  (Plg.  1). 

Adaptation  to  hypoxia  by  a#depres- 
slon  of  gaseous  Interchange  was  observed 
not  only  in  animals  and  humans  acclima¬ 
tized  in  Kirgiz,  but  also  on  disruption 
of  normal  oxygen  supply  (Fig.  2,  experi¬ 
ments  on  curled  hedgehogs). 

The  data  cited,  which  are  exan^jles 
of  adaptation  to  hypoxia  by  metabolic 
depression  and  thyroid  hypofunctioning, 
may  represent  a  general  mechanism  em¬ 
ployed  when  the  struggle  for  oxygen  (in 
the  light  of  Z. I.  Barbashova's  data, 
i960)  cannot  be  con5}letely  wen.  In  this 
case  the  organism  may  resort  to  glycoly¬ 
tic  metabolism  to  satisfy  its  energy  re¬ 
quirements.  This  ability  of  tissue  to 
adapt  to  normal  functioning  in  the  presence  of  severe  oxygen  deficiency 
(in  Ischemia)  was  demonstrated  in  our  experiments  involving  application 
of  a  tourniquet  to  a  limb.  Here  we  can  also  obviously  assume  that  an¬ 
aerobic  glycolytic  deconposltlon  takes  pavt  in  the  prolonged  mainten¬ 
ance  of  the  capacity  for  muscular  work. 

According  to  our  data,  the  reduction  in  basal  metaboJlsm  in  humans 
and  animals  at  altitudes  of  76O-25OO  m  in  Kirgiz  was  accompanied  by  de¬ 
pression  of  a  number  of  other  physiological  functions  -  circulatory, 


Fig.  1.  "Ceilings"  of  tame 
doves  after  blood-letting. 

1)  'Ceilings"  (in  km);  2) 
hemoglobin  (in  by  Sahll’s 
method);  3)  erythrocyte  ^ 
count  (in  millions  per  mm^); 
4)  gaseous  Interchange  (ml/ 
/kg  of  oxygen  per  rain);  5l 
ceilings,  km;  6)  erythro¬ 
cytes,  millions  per  mm3;  7) 
Op,  nd/kg;  8)  days  of  blood- 
3*ttlng. 
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^  cardiovascular,  and  respiratory  (N. F.  Pisarenko,  A.  D. 

nTaranukhlna,  N. D.  Zaytseva,  and  others). 

However,  an  altitude  of  ^000-3^00  m  above  sea  lev¬ 
el  causes  an  intensification  of  physiological  functions; 
this  indicates  the  stimulating  action  of  this  altitude 
and  the  inability  of  the  organism  to  con5)ensr-te  for  the 
oxygen  deficiency  by  the  mechanisms  which  it  employs 
for  this  purpose  at  76O-250O  m.  Additional  compensatory 

Fig.  2.  Qas- 

eous  inter-  mechanisms  must  be  activated  or  those  already  in  action 
change  in 

hedgehogs  in  must  be  reinforced  (A.  D.  Slonlm  et  al.  .  19^9;  L.  G.  Fil- 
the  uncurled 

and  curled  atova,  1957)- 
positions 

(n^kg  of  oxy-  The  exteroceptors  and  cerebrum  play  an  important 

gen  per  min). 

role  in  adaptation  to  hypoxia.  Our  investigations  (E. 
Tokobayev,  L.  Tokmergenova,  G.  Shmidt,  and  E.  Shelukhina)  showed  that 


QLsengagement  of  the  Visual  Receptor  in  White 
Mice  by  205^  lye  and  2^  and  0.55^  Dlcaine  and 
Stimulation  by  Intermittent  Illumination 


•rioToJiia*  (•  km) 

li  nMOliUTiUM  XNIOTIUM 


3 

11 

HWMN 

6  1  1 

•  -XL 

9.5 

9.5 

8.2  1  10.0 

•  0.5 

loa 

8,7  li,0 

U 

9,5 

..  .  10.4  I 

U 

tA 

6.7  7a 

a7 

8.7 

9,5  10.6 

a7 

9.7 

9a  10a 

84> 

9.0 

8.7  9.2 

7.7 

7a 

sa  9.2 

sa 

8.7  9.2 

9a 

9.6 

7a  9.0  i 

B  cpuMM  8.9 

8.9 

8a  9.1 

9.4  IC,6 


10.0  11.0 
9.2  '  10.2 
9.7  I  10.4 
9.5  10.2 


ripepWBMCTOt 

ocMuietiilc 

_ ^  ^ 

1 

ociC' 

iiopiu 

1 

;  1U«HM 

1 

9,6  ! 

8.0 

9.3 

7,9 

'1.7  ; 

8.8 

10,0  1 

0,2 

9.9 

9.5 

10.2 

8.4 

9.8 

t 

9a 

7.8, 

8.8 

TO  13  15  1  8.7  9.2  1  9.5  10.3  -  -  -  - 

9J  9.6  7.5  9.0  i  -  -  _  _  I  _  _ 

B  cpuMM  19  19  I  8.5  9./  9.7  10.4  9.4  8,5  {  9.8  ,  8.8 

I  I  1  I  ‘ 

1)  ••Ceilings^'  (In  km);  2)  control  animals;  3)  ascent;  4)  experimental 
animals;  5)  20^  lye;  6)  normal;  7)  disengagement;  8)  2%  dlcalne;  9) 

dlcalne;  10)  Intermittent  Illumination;  11)  Illumination;  12)  aver¬ 
age. 

stimulation  or  disengagement  of  the  exteroceptors  (visual,  auditory,  or 
olfactory)  substantially  alters  resistance  to  hypoxia,  with  respect  to 
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both  convulsions  and  respiratory  arrest.  It  was  established  that  the 


baroreceptors,  which  are  located  in  the  nasal  and  aaral  cav'ioxtjL)^  i.aive 
an  active  part  in  adaptation  to  hypoxia  and  that  their  disengagement 

considerably  Increases  the  resistance  of  the  organism  to  acute  altitude- 

^  • 

induced  hypoxia.  On  the  basis  of  the  data  in  the  literature  and  our  own 
Investigations  it  was  demonstrated  that  extirpation  of  the  cerebrum  or 
its  disengagement  by  anesthetization  or  in  hibernation  substantially 
raises  resistance  to  altitude.  Conversely,  stimulation  of  the  cerebrum 
reduces  the  ability  of  the  organism  to  withstand  hypoxia  (see  table). 

The  sensitivity  of  the  cerebral  cortex  and  its  state  at  any  given 
moment  (lnh1.bltlon  or  excitation)  thus  play  an  important  role  in  the 
resistance  of  the  organism  to  altitude.  This  may  apparently  govern  in¬ 
dividual  differences  in  resistance  to  altitude  and,  possibly,  those 
among  species  as  well. 


Since  it  is  quite  impossible  to  consider  the  Influence  of  reduced 
barometric  pressure  Independently  of  the  actlo.n  of  other  physical  fac¬ 
tors  on  the  organism  (temperature  and  its  fluctuations,  humidity,  or¬ 
ganic-  and  mineral- nutrition  conditions,  the  influence  of  radiations  of 
var3’’lng  character  and  intensity),  we  have  every  reason  to  speak  of  the 
specificity  of  individual  mountain  systems. 

This  specificity  is  also  manifested  in  the  different  acclimatiza¬ 
tion  reactions  which  develop  against  the  background  of  the  decrease  in 
barometric  pressure  common  to  all  mountain  systems.  It  must  be  assumed 
that  the  alteration  of  the  thyroid  gland  and  the  changes  in  all  other 
functions  in  the  humans  and  animals  examined  represent  a  unique  norm 
characteristic  of  the  conditions  of  Kl’glz. 

If  we  hold  to  this  view,  it  is  obviously  necessary  to  Introduce 
corrections  in  comparing  morphophysiological  investigations  conducted 
under  local  conditions  with  general  standards  In  order  to  determine  the 


limits  of  the  Incipient  pathological  process  in  characterizing  the  gen¬ 
eral  state  of  the  org^miam. 

Frcan  the  data  cited  and  the  aiialysis  made  of  them  we  must  draw  the 
general  conclusion  that  the  theory  of  acclimatization  to  altitude  cati- 
not  neglect  the  physiological  state  induced  by  the  physicogeographic 
substrate  on  which  the  organism  lives  and  develops. 

The  unusual  character  of  Tyan*-Shan*  also  ej^lains  the  peculiar¬ 
ities  which  we  noted  in  acclimatization  to  altitude. 


MECHANISMS  EMPLOYED  BY  THE  ORGANISM  TO  AEAPT  TO  HIGH- 

altitum:  conditions 

3.  T.  Tupusbekov 
(Fininze) 

The  literature  contains  a  great  many  works  devoted  to  the  Influ¬ 
ence  of  hlgh-mountaln  conditions  on  the  organism;  these  elucidate  the 
role  of  hemopoiesis,  hemodynamics,  and  external  respiration  and  demon¬ 
strate  the  Icportance  of  the  higher  divisions  of  the  central  nervous 
system  and  the  endocrine  glands. 

However,  despite  the  existence  of  these  works  the  Intimate  mech¬ 
anisms  of  acclimatization  to  high  altitudes  have  still  not  been  dis¬ 
covered.  There  Is  no  widely  accepted  definitive  view  regarding  the 
specific  classification  of  the  mechanisms  by  which  humans  and  animals 
adapt  to  the  altered  conditions  of  mountainous  terrain.  Many  research¬ 
ers  occupied  with  this  problem  give  very  diverse  definitions,  frrguent- 
ly  contradictory;  foi'  the  most  part  these  definitions  fall  to  charac¬ 
terize  correctly  the  adaptive  mechanisms  underlying  acclimatization. 

Under  hlgh-mountaln  conditions  the  organism  lives  In  an  environ¬ 
ment  where.  In  addition  to  the  ordinary  physiological  stimuli,  it  is 
acted  upon  by  unusual  stimuli  of  vau?ylng  character,  prime  among  which 
Is  oxygen  deficiency.  In  this  connection  physiologists  have  developed 
pressure  chambers  and  research  methods  involving  gases  to  mimic  hlgh- 
altltude  conditions,  particularly  hypoxia.  These  Investigations  contin¬ 
ue  to  increase  In  number. 

It  must  be  noted  that  while  a  constant  environment  with  a  reduced 
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oxygen  content  Is  ®ct  up  over  a  short  tine  under  model  conditions.  In 
pressiire  chmibers,  the  following  factors  vary  over  a  definite  period 
under  hl^aountaln  conditions:  baxxMaetric  pressure  and  the  related 
partial  oxygen  pressure,  ambient  temperature,  the  flow  rate,  moisture 
content,  and  degree  of  ionization  of  the  air,  the  electrical  properties 
of  the  soil,  the  intensity  of  the  ultraviolet  and  Infrared  radiation, 
etc.  The  hif^mountain  climate  thus  differs  qualitatively  and  quantita¬ 
tively  from  pres sure- chamber  conditions,  being  the  aggregate  of  non¬ 
specific  ai^  specific  factors  under  whose  Influence  diverse  functional 
and  morphological  changes  occur  in  the  organism. 

The  terms  "high-mountaln  acclimatization"  and  "pressure- chamber 
and  gas"  or  "altitude"  adaptation  (ad^tation  to  hypoxia)  have  come  to 
be  employed  as  thouj^  they  were  absolutely  identical  and  many  authors 
equate  them.  All  the  reactions  observed  in  the  organism  under  the  in¬ 
fluence  of  hi^mountain  and  pressure-chamber  conditions  are  lumped  to¬ 
gether  under  the  general  term  "acclimatization  to  hypoxia. "  Thus,  "ac¬ 
climatization  to  hypoxia"  is  taken  to  mean  the  mobilization  of  the  re¬ 
serve  cs^acities  of  the  orgaiiism  in  order  to  ensure  its  oxygen  supply, 
regardless  of  whether  this  occurs  in  the  mountains  or  in  a  pressure 
chamber. 

It  seenm  to  us  that  "acclimatization  to  hypoxia"  as  such  is  not 
present,  the  process  which  actiially  occurs  being  adaptation  to  hypoxia. 
In  this  case  the  organism  undergoes  a  temporary  and  transient  reorgan¬ 
ization  of  physiological  functions  with  no  change  in  morphology.  This 
view  is  supported  in  the  works  of  N. N.  Slrotinin  (19^0,  1957),  P- V. 
Yegorov,  (1936,  19^1),  and  D.Ye.  Rozenblyum  (19^3)- 

In  the  opinion  of  P.  A.  Appolonov  and  V. G.  Mlrolyubov  (1938),  V.  V. 
Strel'tsov  (1938,  19^2,  19^7),  and  D.Ye.  Rozenblyum  (19^3),  the  only 
adaptation  which  occurs  in  the  hypoxia  created  in  pressure  chambers  or 
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in  breathing  appropriate  gas  mixtures  is  to  the  ::;rGSsui:^- chamber  "alti¬ 
tude"  and  not  to  a  high- mountain  climate.  We  coi  ..{equently  feel  it  use¬ 
ful  to  differentiate  the  adaptive  reactions  which  occur  during  a  pro¬ 
longed  stay  in  the  mountains  from  those  which  develop  under  the  briel 
acute  action  of  the  pres sure -chamber  "altitude. " 

Ihe  word  "adaptation"  is  the  most  suitable  to  describe  the  changes 
which  develop  during  brief  exposure  to  acute  hypoxia,  indicating  ad¬ 
justment  of  the  organism  to  a  new  stimulus. 

Ihe  expression  "acclimatization  to  hypoxia"  is  consequently  un¬ 
suitable  both  from  the  terminological  standpoint  and  because  it  does 
not  sufficiently  well  reflect  the  nature  of  adaqjtatlon  to  hlgh-altltude 
conditions.  It  severely  restricts  the  biological  significance  of  ac¬ 
climatization  and  causes  confusion  in  describing  the  intimate  mechan¬ 
isms  of  acclimatization  to  high- mountain  conditions  and  adaptation  to 
pressure- chamber  "altitudes. "  We  believe  it  Incorrect  to  employ  the 
term  "acclimatization"  to  characterize  the  changes  which  occur  in  the 
organism  during  brief  oxygen  starvation,  as  E. I.  Barbashova,  and  A. G. 
Ginetsinskly  (19^2),  B.B.  Koyranskly  (i960),  and  other  Soviet  and  for¬ 
eign  authors  have  done. 

Our  objection  to  the  In^roper  use  of  the  expression  "acclimatiza¬ 
tion  to  hypoxia"  is  thus  not  a  fight  for  terminological  precision,  but 
an  atten9)t  to  demonstrate  the  Inadequacy  of  a  widely  held  view  which 
Inaccurately  explains  the  nature  of  biological  acclimatization. 

It  must  be  noted  that  not  all  the  changes  which  occur  in  the  or¬ 
ganism  under  the  influence  of  high-altitude  or  pressure- chamber  condi¬ 
tions  are  accllmatlonal  in  character.  Ihese  changes  are  frequently  no 
more  than  an  inevitable  consequence  of  the  influence  of  extreme  condi¬ 
tions  and  have  an  adaptive  rather  than  an  acclimational  character.  Only 
those  Ibnctional  and  morphological  changes  developing  under  the  influ- 
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encc  ol'  a  new  envlroiBoent  which  are  genetically  trancmlttel  an'J  pr-^^rnete 
the  nonaal  develoiwcnt  of  the  organism  may  be  termed  acclimational. 

We  do  not  deny  that  the  uoe  of  pressure  chamber:;  in  investigatln;: 
the  action  of  low  barometric  pressures  Is  justified.  Ihey  are  knov/n  to 
have  greatly  furthered  the  study  o**  vital  activity  during  Id gli- altitude 
flights  and  In  mountain  climbing.  Pressure-chamber  investigations  v/ere 
the  starting  point  for  the  theoretical  solution  of  problems  of  oxygen 
starvation  and  "altitude"  adaptation. 

If  we  consider  acclimatization  to  mountain  conditions  to  be  com¬ 
pletely  separate  from  "altitude"  adaptation,  the  essential  element  in 
the  former  is  adjustment  to  the  blocllm?.te  (the  biological  conditions 
of  the  environment),  l.e.,  the  establishment  of  a  positive  symbiosis 
with  various  animals,  the  plant  world,  and  the  social  and  economic  con¬ 
ditions  of  the  geographical  region  and  climatological  zone  In  question. 

Acclimatization  to  mountain  conditions  occurs  during  prolonged 
stays  In  mountainous  regions.  It  is  characterized  by  relatively  persis¬ 
tent  changes  In  a  nuBiber  of  physiological  functions  and  a  stable  mor¬ 
phological  reorganization  of  Individual  systems.  However,  these  func¬ 
tional  and  structural  changes  do  not  alter  the  Individual's  general 
type,  but  make  humans  and  animals  equal  members  of  a  new  natural  com¬ 
munity,  ensuring  life  and,  especially,  reproduction. 

The  fact  that  under  the  conditions  of  a  given  geographic  area  hu¬ 
mans  or  animals  must  have  a  broad  capacity  to  alter  their  way  of  life 
and  acquire  different  habits  to  meet  climatological  and  ecological  con¬ 
ditions  and  envlroianental  requirements  Is  of  great  Importance.  In  other 
words,  acclimatization  revolves  about  four  basic  factors:  climatologi¬ 
cal,  ecological  (living  conditions),  biological,  and  social.  The  latter 
Is  of  definitive  importance  for  humans. 

We  thus  recognize  acclimatization  to  mountain  conditions  to  be  bl- 
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olcilcally  broader,  essentially  the  combination  of  two  parameters  simi¬ 
lar  in  character  but  opposite  in  significance  -  adaptive  excitation 
(Ye. I.  Bakin)  and  active  adaptation  (N.N.  Slro  nln). 

As  our  Investigations  showed,  during  the  first  2-12  days  for  which 
animals  are  In  mountainous  country  adaptive  excitation  develops  in  res¬ 
ponse  to  the  integral  action  of  climatological  factors  on  the  organism. 
It  Is  characterized  by  an  Increase  in  arterial  pressure,  acceleration 
of  the  heart  and  respiration  rates,  a  decrease  In  the  threshold  ol  the 
chemoreceptors  and  mechanoreceptors  of  the  principal  vascular  reflexo- 
genlc  zones,  a  reduction  In  the  threshold  of  electrical  excitability  of 
the  peripheral  nerve  trunks,  an  intensification  of  the  arterial-pressure 
and  respiratory  reflex  reactions,  an  increase  in  the  tonus  of  the  sym- 
I  pathetic  nervous  system,  and  a  decrease  in  the  tonus  of  the  parasympath- 
f  etlc  nervous  system. 

i 

I  During  the  period  of  adaptive  excitation  the  organism  passes  out 

i 

of  danger  as  a  result  of  emergency  mobilization  of  Its  autonomic  re- 
serve  capacities,  creating  the  necessary  conditions  for  maintenance  of 
a  relatively  constant  internal  environment.  Through  changes  in  the  func¬ 
tional  state  of  its  hemodynamics  and  respiration,  the  parameters  of 
adaptive  excitation,  the  organism  actively  restores  its  disrupted  hom¬ 
eostasis  for  "free  living. "  The  duration  of  adaptive  excitation  depends 
on  the  animal's  individual  characteristics  and  the  adaptive-protective 
reactions  begin  to  fade  gradually  away  only  after  5-1^  days. 

Since  the  functional  organization  of  adaptation  Is  one  of  the  most 
important  conditions  of  the  evolutionary  process,  the  preferentially 
sympathetic  innervation  of  the  cardiovascular  and  respiratory  systems 
during  the  initial  stages  of  adaptation  must  be  evaluated  on  the  basis 
of  general  biological  criteria  or  laws,  as  must  be  the  subsequent  trans¬ 
ition  to  a  new  functional  level  and  the  concomitant  attenuation  of  sym- 
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pathetic  and  intensification  of  parasympathetic  Innervation. 

This  approach  to  the  observed  phenomena  was  taken  first  by  L.A. 
Orbell  and  then  by  iOi.S.  Koshtoyants  and  D.A.  Biryukov.  In  the  opinion 
of  these  authors,  the  discovery  of  the  functional  characteristics  of 
different  organs  and  structures  with  different  developmental  histories, 
having  different  "ages”  with  regard  to  the  evolutionary  history  of  the 
animal  In  question.  Is  of  great  biological  Interest. 

Adaptive  excitation  develops  In  any  highly  organized  organism  un¬ 
der  the  influence  of  the  unusual  conditlorB  of  mountainous  terrain  and 
Is  part  of  the  evolutionary  process.  During  adaptive  excitation  optimum 
conditions  are  created  b^  mobilization  of  the  functional  reserves  of 
hemopoiesis  and  the  cardiovascular  system,  and  the  organism  which  has 
the  greatest  potential  capacities  and  makes  the  best  use  of  Its  func¬ 
tional  resources  Is  the  best  adapted  to  the  unusual  conditions  which 
obtain  in  mountain  country. 

It  must  be  noted  that  when  the  organism  has  set  In  action  hemopoi¬ 
esis,  hemodynamics,  and  respiration  through  the  appropriate  neural  de¬ 
vices  under  the  Influence  of  the  extremal  stimuli  of  mountain  condi¬ 
tions  any  additional  stimulus  (electrical  or  mechanical  stimulation  of 
efferent  nerves,  frequent  repeated  stimulation  of  the  cheraoreceptors 
and  mechanoreceptors  of  the  carotid  sinus)  causes  Inverse  arterial - 
pressure  and  respiratory  reactions.  The  development  of  pathological 
forms  of  respiration  and  Traube -Bering  waves  Is  frequently  noted.  A 
lethal  outcane  Involving  a  progressive  drop  In  arterial  pressure  Is  of¬ 
ten  observed.  Intracardiac  adrenaline  injections  almost  never  restore 
cardiac  activity. 

Of  course,  no  highly  organized  organism  can  remain  in  a  state  of 
adaptive  excitation,  since  this  leads  to  severe  depletion  of  the  organ¬ 
ism's  reserve  capacities  and  death  from  the  disruption  of  homeostasis. 
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The  organism's  reaction  consequently  does  not  stop  at  adaptive  '■xelt'  - 
tlon,  but  passes  on  to  a  second  phase  -  active  adaptation.  As  we  notc'j 
above,  this  second  phase  differs  greatly  from  the  first  and  is  charac¬ 
terized  by  an  Increase  in  the  threshold  of  the  chemoreceptors  and  mech- 
anoreceptors  of  the  principal  vascular  reflexogenlc  zones,  a  rise  In 
the  threshold  of  electrical  excitability  of  the  nerve  trunks,  and  an 
adequate  reaction  of  tht  cardiovascular  and  r  splratory  systems,  the 
latter  taking  the  form  of  reversion  of  arterial  pressure  and  heart  and 
respiration  rates  to  the  values  normal  for  lowland  and  acclimated  ani¬ 
mals. 

Adaptation,  which  is  characterized  by  Inhibition  and  equilibration 
of  physiological  functlcais,  ultimately  leads  to  stable  restoration  of 
homeostasis. 

In  Hill’s  opinion,  adaptation  to  an  agent  with  a  prolonged  action 
is  a  "constant  Increase  in  threshold,"  while  according  to  Edwards  it  is 
a  "cessation  of  the  excitatory  action  of  a  persistent  stimulus,"  accord¬ 
ing  to  A. A.  Ukhtomskly  (1937)  it  is  a  "self-limitation  of  the  activity 
which  has  begun  in  the  substrate"  with  respect  to  the  resting  period 
after  excitation,  and  according  to  D.G.  Kvasov  (1952)  it  Is  an  "Increase 
in  resistance." 

On  the  basis  of  our  study  of  the  functional  state  of  hemodynamics 
and  respiration  we  may  thus  conclude  that  the  autonomic  functions  of 
the  organism  undergo  a  two-phase  change,  first  increasing  and  then  de¬ 
creasing,  under  the  integral  action  of  climatological  factors  under 
mountain  conditions.  This  two-phase  change  hemodynamic  and  respira¬ 
tory  indices  may  be  considered  as  a  mechanism  which  ensures  a  definite 
adaptive  relationship  between  the  organism  and  the  special  external 
conditions  which  obtain  in  mountainous  terrain.  Adaptation  protects  th' 
organism  from  substantial  stresses,  expanding  its  "protective -adaptive 
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self -regulatory”  capacities  and  Increasing  Its  resistance  to  the  ex¬ 
treme  factors  of  the  mountain  climate. 

Analyzing  the  physiological  and  morphological  data  obtained  by  the 
workers  of  our  laboratory  (L.A.  Bryantseva  and  A.T.  Tynybekov)  In  a 
systematic  study  of  permanent  and  newly-arrived  residents  of  mountain 
country,  we  may  conclude  that  acclimatization  begins  after  adaptation. 
Its  characteristic  symptoms  are  a  slight  acceleration  of  respiration, 
bradycardia,  a  retardatlcm  of  blood -flow  rate,  vagotonlclty  of  the 
functioning  of  the  autonomic  nervous  system,  enlargement  of  the  thora¬ 
cic  cavity,  etc. 

The  data  of  Barcroft  et  al. ,  K.M.  Bykov,  and  E.E.  Martinson  Indi¬ 
cate  that  similar  changes  are  one  of  the  forms  of  adaptation  to  pro¬ 
longed  stays  In  the  mountains. 

These  functional  and  morphological  changes,  developing  during  pro¬ 
longed  stays  In  mountainous  areas,  serve  to  best  adapt  the  organism  to 
the  unusual  factors  Involved  In  mountain  conditions.  Assimilating  the 
external  conditions,  the  organism  Is  altered  for  the  further  full  dev¬ 
elopment  of  Its  offspring  (T.D.  Lysenko).  This  Is  quite  understandable, 
since  useful  traits  are  genetically  reinforced  and  nonuseful  traits 
discarded  during  evolution  (I.V.  Mlchlrln). 

CONCLUSIONS 

1.  Adaptive  excitation  Is  the  starting  point  for  adaptation  and 
accllmatlzatlOTi.  It  Is  an  adequate  reflection  In  the  organism  of  the 
external  factors  of  mountain  conditions  and  a  result  of  the  transforma¬ 
tion  of  external  to  internal. 

2.  The  second  stage,  which  Is  closely  associated  with  the  first. 

Is  active  adaptation.  During  this  stage  of  adjustment  the  specific  and 
nonspecific  stimuli  of  mountain  conditions  are  generalized  and  differ¬ 
entiated  vand  the  functions  of  the  entire  organism  undergo  an  adequate 
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reorganization. 

3.  The  third  stage,  which  Is  closely  associated  with  the  second. 

Is  acclimatization.  During  this  phase  the  functions  and  structures, 
forms  and  mechanisms  of  dynamic  adaptation  develop  and  are  perfected, 
useful  traits  and  properties  being  transmitted  genetically.  Acclimatiza¬ 
tion  considerably  Increases  the  plasticity  and  mutability  of  the  vital 
functions  of  animals  and  man  under  the  action  of  altered  environmental 
conditions,  making  them  equal  members  of  a  new  natural  community. 
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DATA  <»l  ACCLIMATIZATI(»I  TO  THE  MOTNTAIN  COUNTRY  OP 

KIHGIZ 

M.M.  Mlrrakhlmov 
(Frunze ) 

The  Influence  of  the  mountain  climate  on  the  functlcaial  state  of 
the  organism  has  been  studied  for  a  comparatively  long  time  and  very 
Important  data,  which  shed  light  on  the  mechanism  of  acclimatization, 
have  been  amassed  In  this  connectlc»i  (N.N.  Slrotlnln  et  al. ,  Ye.M. 

Kreps  et  al. ,  Q.Ye.  Vladimirov  et  al» .  M.Ye.  Vol'skly,  O.N.  Pavlova, 
Tsunts,  Levi,  Mosso,  Barcroft,  Khurtado,  Monge,  and  others).  It  has 
been  discovered  that  moving  to  a  mountainous  area  Is  accompanied  by 
changes  of  a  compensatory  character  Intended  to  aid  In  the  "fight  for 
oxygen"  (Z.I.  Bartashova).  In  essence,  these  shifts  consist  In  an  In¬ 
tensification  of  the  functions  of  the  circulatory,  respiratory,  and  he¬ 
matopoietic  organs  and  the  nervous  system,  changes  In  the  alkall-acld 
equilibrium,  etc.  It  has  been  found  that.  In  addition  to  these  function¬ 
al  changes,  there  la  an  alteration  of  tissue  enzymatic  processes,  this 
ultimately  ensuring  better  blood  supply  to  the  tissues.  It  Is  note¬ 
worthy  that  there  Is  a  change  In  blood  distribution  under  conditions  of 
oxygen  starvation;  this  takes  the  form  primarily  of  an  increase  In 
blood  supply  to  the  vitally  Important  organs,  especially  the  brain  (M. 
Ye.  Marshak,  V.I.  Voytkevlch,  et  al. ). 

Observations  have  shown  that  the  reaction  of  the  organism  to  a 
stay  in  mountainous  terrain  depends  not  only  on  the  decrease  In  baro¬ 
metric  pressure,  but  also  on  the  peculiarities  of  other  climatological 
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factors  of  the  area.  This  creates  a  situation  in  which  each  mountain 
^  region  is  distinguished  by  its  own  specific  characteristics  and  thoce 
determine  the  unique  reactions  of  the  organism  to  the  conditions  which 
obtain  therein  (K.M.  Bykov,  A.D.  Slonim),  It  has  been  demonstrated  thj;t 
the  reactions  of  the  circulatory,  hematopoietic,  and  respiratory  ur,;,anz 
are  less  marked  under  the  conditions  of  the  mountains  of  Kirgiz  than  in 
the  mountain  climate  of  the  Caucasus  (A.d.  Slonim,  G.P.  Konradi,  M.Ye. 
Vol *3kiy ,  et  al.  ).  A.G.  Glnetsinskly  and  2.1  Barbashova  detected  this 
peculiarity  somewhat  earlier  in  the  sheep  of  Pamir.  These  investiga¬ 
tions  served  as  the  basis  for  further  attempts  to  determine  the  charac¬ 
teristics  of  the  reaction  of  the  organism  under  various  mountain  cli- 
matogeographlcal  conditions. 

Work  on  problems  of  mountain  physiology  has  been  done  and  is  being 
done  primarily  in  this  direction,  which  is  of  both  theoretical  and 
practical  Importance.  In  addition,  the  characteristics  of  the  physic- 
logical  functions  of  mountain  residence  and  new  arrivals  not  yet  ac¬ 
climatized  have  still  not  been  conclusively  determined.  K.M.  Bykov  was 
correct  when  he  wrote  in  1933:  "we  still  know  very  little  regarding  the 
physiological  conditions,  morphological  peculiarities,  and  neuropsychc- 
Icglcal  reactions  of  the  inhabitants  of  our  mountain  regions.  This  mat¬ 
ter  requires  further  study,  so  that  we  can  draw  up  a  correct  dally  re¬ 
gime  and  a  rational  working  regime  for  mountain  areas."  Conslderablf 
work  has  been  done  in  this  respect;  both  in  the  Soviet  Union  and  abroad 
(K.M.  Bykov,  A.D.  Slonim,  G.P.  Konradi,  A.G.  Glnetsinskly,  Z. I.  Barba¬ 
shova,  M.Ye.  Vol'skly,  M. P.  Redllkh,  M,M.  Klrrakhlmov,  N.I.  Averina, 
L.G.  Filatova,  O.N.  Pavlova,  A.P.  Zhuk^  v  et  al . ,  V.S.  Asatlanl,  Monge , 
A.  Khurtado,  and  ethers).  Study  of  this  aspect  of  mountain  physiology 
is  of  great  practical  Importance  in  connection  with  the  development  of 
agriculture  and  Industry  in  mountain  regions. 
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Kirgiz,  a  mountainous  area,  occupies  a  special  place  among  the  re¬ 
publics  of  the  Soviet  Union.  In  addition  to  low  barometric  pressure, 
the  characteristics  of  high  mountain  areas  Include  dry  air.  Intense  so¬ 
lar  radiation,  and  a  rather  high  ambient  air  temperature.*  These  clima¬ 
tological  characteristics  apparently  cause  acclimatization  to  the  moiin- 
taln  conditions  of  Kirgiz  to  have  somewhat  of  an  unusual  character. 

Among  the  first  to  study  the  influence  of  the  mountain  climate  of 
Kirgiz  on  the  human  organism  were  N.N.  Slrotlnln  and  his  assistants. 

CSily  a  few  reports  on  this  problem  have  appeared  in  the  literature  in 
recent  times.  In  our  republic  mountain  physiology  has  been  the  subject 
of  especially  intensive  work  on  the  part  of  A.D.  Slonlm,  M.Ye.  Vol'skiy, 
G.P.  Konradi,  and  their  colleagues  over  the  past  two  decades. 

This  article  presents  data  which  we  (A. I.  Arakcheyev,  L.A.  Preo¬ 
brazhenskaya,  A.D.  Dzhaylobayev,  T.D.  Davletbekov,  Z.I.  Khasanova,  and 
R.P.  Malof iyevskaya )  have  amassed  over  the  past  ten  years.  Determina¬ 
tion  of  the  characteristics  of  the  physiological  functions  of  acclima¬ 
ted  mountain  residents  occupied  a  special  place  in  our  investigations,* 
in  addition,  during  the  past  three  years  we  t’lrned  our  attention  to  the 
influence  of  brief  stays  at  high  altitudes  on  the  human  organism. 

Reactions  of  the  human  organism  to  brief  stays  at  high  altltuaes. 

In  conjunction  with  L.A.  Preobrazhenskaya  and  Z.I.  Khasanova  we  studied 
the  reactions  of  the  organism  to  brief  stays  at  moderate  altitudes 
(Anan'yevo  -  1750  m)  and  at  high  altitudes  (Kogondu-Kiya  -  3300  m). 

On  examining  16  persons  22-26  years  of  age  in  Frunze  and  after  3, 
15,  and  30  days  at  an  altitude  of  1750  ro  we  were  unable  to  detect  any 
statistically  reliable  change  In  pulse  rate,  arterial  or  venous  pres¬ 
sure,  or  blood -flow  rate.  As  regards  the  erythrocyte  and  hemoglobin 
counts,  after  three  days  at  this  altitude  there  was  a  moderate  decrease 
In  hemoglobin  content  (from  82  to  78  units),  but  after  15  and  30  days 
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It  exhibited  a  statistically  reliable  Inc. ease  of  7  or  3  units.  The 
erythrocyte  count  had  risen  by  an  average  of  270,000  after  three  day:: 
and  by  an  average  of  386,000  after  15  and  30  days,  figures  which  were 
not  statistically  reliable.  These  data  indicate  that  moving  to  a  moder- 
Itely  high  mountain  region  is  not  acccoipanled  by  an  intensification  of 
circulatory  functioning  or  an  increase  in  ei-ythrocyte  count,  the  only 
phenomenon  observed  being  a  slight  increase  in  hemoglobin  count  from 
the  15th  day  onward.  In  contrast  to  the  mountain  country  of  Kirgiz, 
marked  ccwnpensatory  changes  in  the  circulatory  and  hematopoietic  sys- 
|tems  are  observed  at  approximately  the  same  altitudes  in  the  Caucasus 
(M.Ii.  Efendl-Zade,  £.M.  Bedalova,  S.A.  All-Zade,  Ye.V.  Ivanova  and  N. 

P.  Patrlk,  R.A.  Mikayelyan,  G.A.  Narglzyan,  Beridze ,  et  al. ).  Investl- 
gatlon  of  capillary  permeability  and  stability  by  the  Konchalovskly , 
McClure -Aldrich,  and  histamine -wheal  tests  revealed  no  regular  changes 
in  the  majority  of  cases.  An  increase  in  the  number  of  hemorrhages  in 
Konchalovskly 's  test  was  noted  in  22.2^  of  all  cases  after  three  days 
at  the  altitude  in  question. 

The  reactions  of  the  organism  to  a  stay  at  the  3300  m  altitude  of 
Tyan'-Shan'  were  investigated  in  43  persons  of  approximately  the  same 
age.  Three  sets  cf  observations  were  made,  in  Frunze  and  on  the  4th- 
5th  and  lOth-llth  days  at  the  altitude  in  question.  The  respiration  and 
pulse  rates  were  regularly  elevated,  the  systolic  and  diastolic  pres¬ 
sures  were  reduced,  and  the  time  for  which  the  breath  could  be  held  was 
curtailed  {Stange's  test)#  The  red-blood  indices  were  also  elevated 
(see  table). 

The  data  cited  are  in  agreement  with  the  indications  in  the  liter¬ 
ature.  In  contrast  to  the  reaction  of  the  circulatory  apparatus  in  the 
Alps,  under  our  conditions  a  stay  at  high  altitude  in  the  Caucasus 
causes  a  decrease  rather  than  an  Increase  in  arterial  pressure.  As  may 
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be  seen  from  the  table,  the  most  marked  changes  are  detected  after  10- 
11  days  at  high  altitude.  The  Konchalovskly  and  Nesterov  tests  showed 
the  subjects  to  exhibit  a  regular  decrease  In  capillary  stability  and 
an  Increase  In  capillary  permeability. 

Sunnarlzlng  our  data  cm  the  Influence  of  brief  stays  In  the  moun¬ 
tain  country  of  Kirgiz,  we  may  state  that  the  adaptive  changes  which 

occur  under  the  conditions  of  Tyan'-Shan'  develop  at  a  considerably 

greater  altitude  than  In  other  mountain  regions. 

Influence  of  prolonged  stays  at  high  altitudes  on  the  human  organ¬ 
ism  .  The  necessity  of  Investigating  the  functional  state  of  the  organ¬ 
ism  during  prolaiged  stays  at  high  altitudes  Is  Ictated  by  the  fact 
that  many  perscais  settle,  live,  and  work  for  years  In  mountain  regions. 
At  the  sane  time.  Investigation  of  the  natives  of  mountain  regions  may 
shed  some  light  oti  the  characteristics  of  the  physiological  functions 
of  residents  of  mountainous  terrain.  CcMnparlson  of  the  results  of  In- 

vestlgatlois  of  newly -arrived  and  native  residents  may  promote  more 

correct  determination  of  the  time  required  for  complete  acclimatization. 

Over  a  period  of  many  years  we  Investigated  circulatory  function¬ 
ing  In  more  than  I5OO  mountain  residents,  approximately  one-third  of 
whom  were  natives,  while  the  remainder  were  settlers  who  had  lived  In 
mountain  country  for  frcan  6  months  to  10  years  or  more.  The  majority  of 
the  subjects  were  20-40  years  of  age.  Arterial  pressure  was  investigat¬ 
ed  In  more  than  8OOO  residents  of  Frunze  (78O  m  above  sea  level),  ap¬ 
proximately  6000  residents  of  Przheval'ska  (1750-1800  m),  and  approxi¬ 
mately  2000  residents  of  Naryn  (2020  m).  In  addition,  we  were  interes¬ 
ted  In  the  functioning  of  the  autonomic  nervous  system  and,  during  the 
past  three  years.  In  gaseous  Interchange,  the  Indices  of  the  peripheral 
blood,  and  alkall-acld  equilibrium.  Since  we  are  unable  to  give  any 
comparatively  complete,  description  of  the  data  amassed,  we  will  present 
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only  the  overall  results  of  our  investigations. 

In  stiKSying  the  functioning  of  the  circulatory  apparatus  we  detect 
ed  no  tachycardia  on  measurenent  of  the  pulse  rates  of  mountain  resi¬ 
dents,  a  phenoaenon  which  has  been  observed  in  persons  moving  into 
mountainous  regions.  On  the  contrary,  approximately  half  the  mountain 
residents  exhibited  bradycardia  (lei.^  than  60  beats  per  minute)  or  a 
tendency  to  it  (61-64  beats  per  minute).  Perscxis  living  on  the  shore  of 
Lake  Issyuk-Kul*  displayed  bradycardia  more  frequently  than  residents 
of  Naryn.  Attention  waa  called  to  this  fact,  which  has  been  confirmed 
by  the  comparatively  large  amoung  of  data  which  we  amassed,  by  M.  P. 
Redlikh  in  1946  and  by  A.D.  Slcxilm  auid  Q.P.  Konradl  somewhat  earlier. 
L.Q.  Filatova,  who  made  her  cbservations  a  bit  later,  obtained  approxi¬ 
mately  the  sane  results.  There  is  thus  every  reason  to  believe  that 
relative  bradycardia  is  a  reaction  characteristic  of  mountain  residents 
of  Kirgiz  living  at  altitudes  of  up  to  2000  m. 

Arterial  pressure  (especially  systolic  pressure)  proved  to  be  some 
what  lower  tluin  the  values  established  for  Moscow  (Ye.P.  Fedorova  et 
al.  )and  Leningrad  (Z.M.  Volynskiy  et  al. ).  That  a  moderately  marked, 
predominantly  systolic  hypertonia  occurs  has  been  confirmed  by  the  in¬ 
vestigations  of  A.D.  Slonim,  Q.P.  Konradl,  M. P.  Redlikh,  M.A.  Aliyeva, 
L.G.  Filatova,  and  others.  In  contrast  to  the  systolic  and  diastolic 
pressure,  the  mean  dynamic  pressure  exhibited  no  marked  deviations  from 
normal. 

The  blood-flow  rate  was  reduced  in  both  the  pulmonary  and  systemic 
circulatory  systems.  Ccanparlson  with  the  corresponding  data  for  resi¬ 
dents  of  Frunze  revealed  a  statistically  reliable  difference.  This  re¬ 
tardation  of  blood  flow  was  more  marked  in  persons  living  on  the  shore 
of  Lake  Issyuk-Kul'  than  in  residents  of  Naryn. 

One  of  the  basic  hemodynamic  factors,  minute  cardiac  volume,  was 
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found  to  be  within  normal  limits  £omewhat  cl  vat*"!  In  the  mo.'.r-’ty 
of  cases  when  Investigated  by  the  acetylene  method  In  persons  livln:  -t 

altitudes  of  I65O  and  2020  m. 

Nallbed  caplllarlscopy  revealed  a  decrease  In  the  number  of  capil¬ 
lary  loops  and  In  their  lumen  size  In  the  overwhelming  majority  of  the 
persons  examined.  The  blood  flow  In  the  capillaries  was  quite  frequent¬ 
ly  retarded. 

Application  of  a  measured  physical  stress  to  mountain  residence 
and  evaluations  of  pulse  rate  and  arterial  pressure  In  some  and  vital 
capacity  in  others  usually  revealed  no  pathological  reaction  of  the  car 
dlovascular  system. 

We  and  L.A.  Preobrazhenskaya,  but  primarily  the  latter,  have 
amassed  considerable  data  (based  on  examinations  of  more  than  18OO  per¬ 
sons  by  various  methods  -  the  Lendls,  Nesterov,  Konchalovskly ,  hlsta- 
mlne-wheel,  and  McClure -Aldrich  tests)  characterizing  capillary  permea¬ 
bility  and  stability  In  residents  of  Frunze,  the  shore  of  Lake  Issyuk- 
Kul',  and  Noryn.  Statistical  processing  and  comparison  of  the  results 
showed  that  persons  who  live  at  high  and  moderate  altitudes  have  some¬ 
what  more  permeable  and  fragile  peripheral  capillaries.  In  order  tc  ex¬ 
clude  the  possible  Influence  of  vitamin  deficiency  or  elevated  hyaluron 
Idase  activity  In  some  of  the  mountain  residents  L.A.  Preobrazhenskaya 
Investigated  the  serum  ascorbic  acid  and  hyaluronic  acid  contents.  Her 
observations  showed  that  there  were  no  deviations  from  normal.  On  this 
basis  we  may  consider  the  elevated  capillary  permeability  to  be  a  char- 
aclstlc  peculiarity  of  persons  who  live  at  high  altitudes.  It  Is  curlou 
that  special  Investigations  conducted  on  anlmials  brought  from  Frunze  to 
an  altitude  of  I8OO  m  revealed  an  elevated  pulmonary -capillary  permea¬ 
bility  (as  evalauted  from  the  state  of  the  argyrophlllc  matter)  and  in¬ 
creased  engorgement  of  these  capillaries  with  blood  after  6-I8  months. 
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study  of  the  functlcmlng  of  the  cardiovascular  system  In  persons 
living  at  moderate  and  high  altitudes  thus  revealed  relative  bradycar¬ 
dia,  arterial  (prlaarlly  systolic )  hypotonia,  a  rise  in  venous  pressure, 
an  Increase  In  caplllax^  pereeablllty,  a  decrease  In  lumen  size,  a  drop 
In  the  number  of  nallbed  capillaries,  a  normal  or  slightly  elevated 
minute  voluae,  and  a  normal  circulatory  reaction  to  n^asured  stress. 
Considering  that  these  characteristics  are  observed  in  a  comparatively 
large  number  of  healthy  Individuals  and  have  been  cc^ifirmed  by  the  In¬ 
vestigations  of  other  authors,  we  are  correct  In  holding  them  to  be 
regular  for  residents  of  the  mountain  country  of  Kirgiz  and  regarding 
them  as  noxmal  for  the  conditions  in  question. 

The  regularities  described  above  enable  us  to  state  that  the  human 
organism  "devel<^s"  the  "norms”  most  suitable  to  specific  ccaidltlons 
during  adaptation  to  high  altitudes.  This  hypothesis  is  in  accord  with 
the  opinion  of  many  authors  occupied  with  mountain  physiology  (O.N. 
Pavlova  ,  Dekhtyar,  and  others).  In  essence,  if  the  functional  activity 
of  the  organism  were  always  maintained  at  a  high  level,  as  Is  the  case 
at  the  beginning  of  stays  under  hlgh-ooimtaln  conditions,  or  correspond¬ 
ed  to  the  "norms"  for  persortS  living  at  sea  level,  we  could  haruly  ex¬ 
pect  the  performance  of  relatively  heavy  physical  labor  to  be  possible 
for  many  years  under  mountain  conditions. 

As  our  Investigations  have  shown,  in  residents  of  the  Kirgiz  moun¬ 
tain  country  the  functlcailng  of  the  cardiovascular  system  Is  at  a  lower 
level  under  resting  conditions  and  naturally  does  not  require  the  ener¬ 
gy  consumptlai  which  occurs  at  sea  level.  It  seems  to  us  that  this  is  a 
suitable  functional  state  for  the  cardiovascular  system,  since  the  or¬ 
ganism  has  available  great  reserves  which  can  be  mobilized  when  neces¬ 
sary.  Scwje  Increase  In  capillary  permeability  Is  obviously  also  useful 
under  these  conditions,  as  It  can  improve  the  exchange  of  substances 
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between  the  blood  and  the  tissues.  However,  such  an  Increase  In  capil¬ 
lary  permeability  may  apparently  have  undesirab  consequences  in  patho¬ 
logical  ccmditions.  The  ccanpa natively  hi^  permeability  of  the  pulmon¬ 
ary  capillaries  evidently  explains  the  fact  that  pneumonia  takes  a  moro 
severe  course  under  high -mounts ins,  as  was  observed  by  N.T.  Tsishnattl, 
P.P.  Shilov,  and  others. 

Investigations  of  basal  metabolism  by  Holden's  gas-analysis  method, 
which  we  conducted  Jointly  with  A.D.  Dzhaylcbayev,  also  yielded  curious 
results.  Studying  gaseous  interchange  in  127  residents  of  Rybach'ye 
(1650  m)  and  120  residents  of  Naryn,  we  established  that  there  v;as  a 
marked  decrease  in  basal  metobollsm  in  more  than  half  the  subjects.  Our 
data  are  In  complete  accord  with  the  results  which  A.D.  Slonlm,  G.P. 
Conradl,  L.G.  Filatova  obtained  in  Investigations  of  residents  of  the 
mountain  country  of  Kirgiz. 

It  would  seem  that  the  uniformity  of  the  results  obtained  by  many 
authors  enables  us  to  draw  the  indisputable  conclusion  that  residents 
of  moderately  high  areas  of  Kirgiz  exnlblt  a  low  gaseous -Interchange 
level.  What  is  the  mechanism  underlying  this  depression  of  gaseous  In¬ 
terchange?  An  intensification  or  depression  of  metabolism  Is  custcmiar- 
lly  associated  with  the  functional  state  of  the  thyroid  gland.  We  as¬ 
sume  that  thyroid  functioning  was  somewhat  reduced  In  residents  of  t;.e 
moderately  high  mountain  country  of  Kirgiz.  The  special  Investigations 
of  S.  Turmanbetov,  which  were  devoted  to  a  morphological  characteriza¬ 
tion  of  the  thyroid  glands  of  sheep  In  regions  of  endemic  goiter  In 
northern  Kirgiz,  also  speak  in  favor  of  this  hypothesis.  Histological 
examination  of  the  thyroid  glands  of  these  animals  showed  them  to  be 
hypofunctlonal .  The  rather  low  functional  activity  of  the  circulatory 
apparatus  observed  among  residents  of  the  mountains  of  Kirgiz  would 


Seem  to  be  partially  attributable  to  a  moderate  thyroid  hypofunctioning. 
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However,  this  hypothesis  requires  further  verification  by  special  In¬ 
vestigation,  research  which  we  teve  planned  for  the  near  future.  The 
usefulnea#  of  thyroid  hypofunctioning  under  hlgh-altltude  conditions  is 
also  indicated  by  the  investigations  of  N.N.  Sirotlnln,  M.Ye.  Vasilenko 
Ye.P.  Koloiiyets,  Qranshan,  et  al» 

The  results  of  a  study  of  autonomic  functioning  with  the  aid  of 
spatial  reflexes  and  the  ocular-cardiac,  Chermak  and  adrenaline -hista¬ 
mine  tests  are  also  in  agreement  with  this  hypothesis.  Our  investiga¬ 
tions  also  revealed  a  vagotailclty  of  autonanlc  functioning  in  the 
overwhelming  ma.lority  of  mountain  residents. 

The  pertphersil  blood  was  investigated  in  100  residents  of  Frunze, 
123  residenta  of  Rybach’ye,  and  235  residents  of  Naryn.  Statistical 
processing  and  ccx^parison  of  the  results  of  thebe  investigations  showed 
that  the  erythrocyte  count  is  approximately  the  same  in  all  three 
groups,  althou^  it  was  somewhat  elevated  (to  an  extent  not  statisti¬ 
cally  reliable)  in  the  mcHintain  residents.  The  hemoglobin  content  of 
the  blood  proved  to  be  scaaewhat  higher  in  the  residents  of  Rybach'ye 
and  Naryn  (to  a  statistically  reliable  extent). 

Our  data  thus  indicate  that  a  stay  in  the  moderately  high  mountain 
of  Klrgls  Is  accompanied  by  an  Increase  in  hemoglobin  content  and  main¬ 
tenance  of  a  normal  erythrocyte  count.  In  this  respect  our  data  are  not 
In  ccanplete  agreement  with  the  results  obtained  by  A.D.  Slonlm,  G.P. 
Konradl,  and  L.Q.  Filatova,  who  concluded  that  the  hemoglobin  content 
of  the  blood  does  not  increase  at  moderate  altitudes  in  Kirgiz. 

Finally,  we  were  interested  in  the  acid-alkali  equilibrium.  Accord 
ing  to  O.V.  Dervlz,  the  content  of  insufficiently  oxidized  products  In 
the  blood  should  increase  in  the  presence  of  oxygen  deficiency.  In  or¬ 
der  to  detect  symptoms  of  oxygen  deficiency  we  investigated  the  reserve 
alkalinity,  free  oxygen,  glutathione,  and  carbonic  anhydrase  of  the  ven 
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ous  blood  In  more  than  250  residents  of  Frunze,  Rybach'yc,  and  Ilaryn. 
These  Investigations  did  not  reveal  any  acldotlc  change. 

Thus,  a  prolonged  stay  under  the  hlgh-mountaln  conditions  of  Klr- 
-  glz  (Tyan * -Shan * )  Is  accompanied  by  reorganization  of  Individual  func¬ 
tions  of  the  organism,  especially  the  cardiovascular  system;  this  re- 

I 

suits  In  more  rational  and  economic  oxygen  utilization.  This  type  of 
reaction  Includes  dtpreaslon  of  gaseous  Interchange,  an  Increase  In  hem¬ 
oglobin  content  with  a  normal  erythrocyte  count,  retardation  of  pulse 
rate,  a  moderate  drop  In  arterial  pressure,  a  decrease  In  blood-flow 
rate,  an  Increase  In  venous  pressure,  a  rise  In  capillary  permeability. 
Intensified  filling  of  the  lungs  with  blood,  parasympthatlc  Innervation 
of  autonomic  functions,  etc.  The  basic  hemodynamic  Index  -  minute  car¬ 
diac  volume  -  remains  normal  under  these  conditions,  as  does  the  mean 
arterial  pressure. 

Ccmparlng  the  results  of  our  observations,  we  may  state  that  the 
human  organism  does  not  react  In  the  same  manner  to  brief  and  prolonged 
stays  under  hlgh-altltude  conditions  and  that  adaptation  consequently 
Involves  different  mechanisms  in  these  few  cases. 

Manu¬ 

script 

Page  [Footnote] 

No. 

568  The  temperature  In  the  mountainous  regions  of  Kirgiz  is  high¬ 
er  than  that  at  corresponding  altitudes  In  the  Caucasus  or 
the  Alps. 
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CHANGES  IN  THE  NERVOUS  SYSTEM  AT  AN  ALTITUDE  OF  2000  m 
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L.M.  Telcharov,  N.  Nikolci?',  and  St.  Chernayev 
(Plovdiv,  Bulgarian  People’s  Republic) 

Research  on  the  functioning  of  the  nervous  system  at  mountain  al¬ 
titudes  was  already  being  conducted  in  the  last  century  (Conway,  1894; 
Mosso,  1899)*  These  Investigations  were  continued  in  greater  detail  on 
scientific  expeditions  in  the  Alps  (Stern,  I926;  Abdergalden,  London, 
et  al. ,  1927;  Levy,  1932)  and  the  Himalayas  (Finch,  1925;  Kingston  and 
Bancroft,  1927;  Kant,  195^)*  In  these  Instances  primary  attention  was 
devoted  to  the  functioning  of  the  autonomic  nervous  system.  Investiga¬ 
tions  to  study  higher  nervous  activity  at  the  altitudes  reached  in  the 
Caucasus  (approximately  5000  m)  were  first  undertaken  in  the  nineteen- 
thirties,  by  N.N.  Slrotlnln  and  his  colleagues  (Yu.N.  Popov,  1931;  A. 

Z.  Kolchlnskaya,  19^9 j  1952;  V.V.  Turanov,  1952).  Of  considerable  in¬ 
terest  are  the  investigations  of  higher  nervous  activity  conducted  in  a 
study  of  mountain  sickness  made  in  the  Alps  and  Balkans  in  1937- 

While  at  mountain  altitudes  above  4000  m  the  drop  in  atmospheric 
pressure  is  the  principal  factor  governing  physiological  changes,  it 
also  plays  some  part  at  altitudes  of  up  to  3000  m,  especially  in  per¬ 
sons  making  their  first  ascent.  The  role  of  the  central  nervous  system 
in  the  vascular  disturbances  which  occur  at  high  altitudes  is  well 
known  (Mateyev,  19^9)*  In  certain  persons,  particularly  those  who  have 
long  lived  at  these  altitudes,  pathological  functional  disturbances 
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frequently  develop  as  conditioned  reflexes,  possibly  as  a  result  of  the 
unpleasant  sensations  associated  with  certain  atmospheric  and  topograph- 
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conditions. 


At  the  end  of  the  winter  of  1961  we  organized  an  expedition  tc  the 


Karsto  region  of  the  Pirln  Mountains  in  order  to  investigate  the  crate 


of  the  central  nervous  system,  especially  higher  nervous  activity  and 
Its  relationship  to  the  autoncmic  nervous  system.  The  subjects  (stud¬ 
ents)  remained  at  an  altitude  of  2000  m  (in  the  mountain  hut  "Yavorov"), 
where  they  were  dally  exposed  to  the  severe  mountain  climate  (snow  and 


wind)  during  not  particularly  fatiguing  climbs. 
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Fig.  1.  Diagram  A. 

Change  in  duration  of 
latent  period  during 
investigation  of  high¬ 
er  nervous  activity  in 
an  associative  experi¬ 
ment  (in  seconds),  a) 
Mean  latent  period  of 
responses  of  all  sub¬ 
jects  before  ascent;  b) 
the  same,  during  stay 
in  mountain  hut;  c)  the 
same,  after  return  to 
Plovdiv.  Diagram  B.  Sub¬ 
ject  K.S.,  35  years  of 
age.  a)  Mean  latent  per¬ 
iod  of  subject's  respon¬ 
ses  before  ascent;  b) 
during  stay  in  hut;  c) 
on  return  to  Plovdiv. 

1)  Latent  period,  sec. 


METHOD 

Higher  nervous  activity  was  investigated 
in  an  associative  experiment  in  27  subjects 
(19  males  and  8  females  19-35  years  of  age). 

In  this  experiment  the  subject  was  given  20 
words  to  which  he  had  to  respond.  In  the  se¬ 
cond  and  third  investigations  five  or  ten  new 
words  were  added  as  a  control.  The  autonomic 
nervous  system  was  Investigated  frcrni  the  in¬ 
dices  of  dermal  neurovascular  reactivity,  by 
medlophoresls  with  adrenaline  and  acetylcho¬ 
line.  The  results  of  the  first  investigations  , 
which  were  conducted  in  Plovdiv,  were  used 
as  the  initial  data.  The  indices  of  respira¬ 
tion  (vital  pulmonary  capacity,  limits  of 
respiration  as  determined  with  a  Hermanssen 
spirometer,  and  respiratory  Impulse)  charac¬ 
terized  the  respiratory  function  of  the  lungs. 
Examinations  were  made  before  and  after  the 
expedition.  Higher  nervous  activity,  dermal 
neurovascular  reactivity,  and  vital  pulmonary 
capacity  were  studied  during  the  stay  at  the 
mountain  hut  "Yavorov. " 


EXPERIMENTAL  RESULTS  AND  DISCUSSION 

Higher  nervous  activity.  The  associative  experiment  showed  tnat 
the  latent  period  (LP)  of  the  response  to  the  listed  words  varied  from 
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1.8  to  3-^  sec  in  certain  individuals  before  the  expedition;  the  mean  | 

LP  or  all  the  investigations  was  2.5  sec.  During  the  stay  in  the  hut  | 

1 

the  LP  varied  fron  1.35  to  3*36  sec  in  certain  subjects,  the  mean  beincl 

5 

1.8  sec.  On  returning  to  Plovdiv  the  LP  ranged  frcaa  I.l6  to  1.71  j 

I 

with  a  mean  of  1.6  sec  (diagram  A,  Fig.l).  I 

i 

Scrutinization  of  the  individual  results  shows  that,  despite  the  ( 

I 

fact  that  the  mean  LP  was  shorter  in  all  the  subjects  after  returning  \ 

I 

to  Provdiv  than  at  the  hut  "'iavorov,"  in  certain  persons  (9)  the  LP  was* 
somewhat  prolonged  after  their  return.  We  can  use  the  figures  in  dia-  I 
gram  B  (Pig.  1)  as  an  example.  In  anottier  group  (15  individuals)  the  j 
LP  was  reduced  (diagram  C,  Pig.  2)  and  In  a  third  group  (3  persons)  it  i 

I 

remained  unchanged.  Ko  qualitative  changes  were  detected  in  the  charac-t 
ter  of  the  respwises. 

Dermal  neurovascular  reactivity.  Diagram  D  (Fig.  2)  shows  the  re-  ■ 
suits  of  an  Investigation  of  adrenergic  demaovascular  reactivity 

(AdDVR).  Before  the  expedlticm  1^  of  the  subjects  reacted  to  adrenaline 

—7  -Q  ^ 

in  a  dlluticm  of  1*10  ,  6  reacted  to  a  dilution  of  I’lO”^,  and  6  reac- ? 

1  i 

ted  to  a  dilution  of  1»10  *  .  Tlie  mean  adrenaline  dilution  to  which  the  | 
subjects  reacted  was  1*10  (unshaded  bar).  During  their  stay  in  the 
hut  the  subjects  reacted  to  adrenaline;  5  persons  reacted  to  a  dilution 

of  I-IO-*^,  4  to  a  dilution  of  1*10"^,  9  to  a  dilution  of  1-10”^^,  and 

-13  ^ 

8  to  a  dilution  of  1*10  .  Ihe  solid  column  represents  the  mean  value 

for  all  the  reactions  (1*10"^^*^).  After  returning  to  Plovdiv  13  oer- 

sons  reacted  to  an  adrenal  dilution  of  I-IO”"^,  6  to  a  dilution  of 

1‘10’^,  4  to  a  diluticai  of  1‘10”^^,  1  to  a  dilution  of  I-IO”^^,  and  two  j 

to  a  dilution  of  1*10"^*^.  'Kie  mean  ^or  all  the  reactions  was  1*10®'^ 

(shaded  bar).  ! 

i 

Examination  of  the  data  obtained  shows  that  there  were  no  changes  j 

t 

whatsoever  In  AdDTR  in  5  persons,  while  In  8  reactivity  increased  mark-  f 
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Fig.  2.  Diagram  C.  Sybject  S.N.D. ,  20  years  of  age.  The  key  is  the  same 
as  In  Fig.  1.  Diagram  D.  Dermovascular  reactivity  to  adrenaline.  1)  Val 
ues  for  different  persons  Investigated  before  ascent  to  hut;  2)  during 
stay  In  hut;  3)  on  returning  to  Plovdiv;  a)  Mean  Intensltj^  of  reac¬ 
tion  adrenaline  before  ascent;  b)  during  stay  In  hut;  c)  after  return¬ 
ing  to  Plovdiv;  I)  adrenaline  dilution. 

edly  only  while  they  were  at  the  hut  "Yavorov,”  then  reverting  to  Its 
Initial  value;  In  5  Individuals  reactivity  Increased  at  the  hut  and 
dropped  below  Its  Initial  value  on  returning  to  Plovdiv.  In  one  case 
It  was  established  that  reactivity  Increased  after  returning  to  the 
city,  while  In  3  persons  reactivity  was  elevated  at  the  hut  and  re¬ 
mained  unchanged  after  returning  to  Plovdiv.  Only  two  persons  exhibited 
a  decrease  In  reactivity  at  the  hut,  which  was  followed  by  a  reversion 
to  the  Initial  value  on  returning  to  the  city. 

Dermovascular  reactivity  to  acetylcholine  (AcDTR).  The  results  of 
our  Investigations  are  shown  In  diagram  E  (PlS*  3)* 

Before  the  ascent  l4  persons  reacted  to  an  acetylcholine  dilution 

-2 

of  1  and  12  reacted  to  a  dilution  of  1  The  mean  for  all  the  sub- 
-2  4 

Jects,  1  *  ,  Is  represented  by  the  unshaded  bar.  We  obtained  the  fol- 
lowing  results  at  the  hut;  3  persons  reacted  to  a  dilution  of  1  ,10 
to  a  dilution  of  l“^,  8  to  a  dilution  of  1“^,  and  6  to  a  dilution  of 
1  The  mean  value,  1.  is  represented  by  the  solid  bar.  After  re- 


I 


turning  to  the  cltj  we  obtained  the  following  data;  10  persons  reacted 
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to  a  dilution  of  to  a  dilution 

-4 

of  1  and  3  to  a  dilution  of  1  .  ‘Hie 

-2  7 

■ean  value,  1  ,  Is  represented  by  the 

shaded  bar.  Individual  exanlnatlon 
yielded  the  following  results:  there 
were  no  changes  whatsoever  In  AcDTR  In 
6  persons,  while  in  8  individuals  the 
reaction  was  intensified  at  the  mountain 
hut  and  then  reverted  to  its  Initial 
value.  In  8  persons  the  reaction  was  In¬ 
tensified  at  the  mountain  hut  and  the 
increase  persisted  after  returning  to  the  city.  In  2  persons  the  reac¬ 
tion  was  Intemiified  in  the  mountains  and  reverted  to  is  initial  level 
on  returning  to  the  city.  In  one  individual  the  reaction  first  in¬ 
creased  after  returning  to  the  city  and  in  another  it  was  of  the  same 
intensity  in  the  mountains  as  in  the  city,  but  dropped  below  its  ini¬ 
tial  level  on  returning. 

A  general  review  of  the  data  on  medioi^oretlc  reactic»is  showed 
that  the  majority  of  the  subjects  (16  of  a  total  of  27)  responded  with 
a  simultaneous  increase  in  reactivity  to  acetylcholine  and  adrenaline; 
there  were  no  changes  at  all  in  three  subjects  and  the  remainder  exhi¬ 
bited  either  an  increase  in  one  reaction  and  a  decrease  in  the  other 
or  an  increase  in  one  and  no  change  in  the  other. 

Indices  of  respiration.  The  limits  of  respiration  remained  un- 
chang^  in  4  persons,  decreased  in  10,  and  increased  in  10.  Vital  pul- 
m<xiary  capacity  remained  unchanged  in  7  Individuals,  decreased  in  3, 
and  increased  in  7*  Respiratory  impulse  remained  unchanged  in  9  sub¬ 
jects,  dropped  in  7#  and  rose  in  8. 

Our  investigations  showed  that  a  stay  in  the  mountains  at  an  alti- 
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Fig.  5.  Diagram  £.  Dermo- 
vascular  reactivity  to 
acetyl^u>lliie.  Key  the  same 
as  in  fig.  2,  (diagram  D), 
but  for  acetylcholine.  4} 
acetyl^ollne  dilution. 


tude  of  2000  m  leads  to  functional  reori^anlzation  of  the  organism.  Cor 


tlcal  excitation  develops,  radiating  to  the  autonomic  centers  and  pro¬ 
ducing  an  Increase  In  dermal  neurovascular  reactivity 

We  cannot  state  that  these  changes  were  detected  only  In  perscnc 
coming  to  the  mountains  for  the  first  tlm  .  They  were  also  observed  In 
tourists  and  mountain  climbers.  Conversely,  swne  persons  coming  to  the 
mountains  for  the  first  time  failed  to  exhibit  these  changes.  The  fact 
cited  confirm  the  conditioned-reflex  character  of  the  changes  In  per¬ 
sons  of  the  first  group  and  the  role  of  a  constitutional  factor  (e.g. , 
the  type  of  higher  nervous  activity)  In  persons  of  the  second  group. 

It  was  also  established  that  pulmonary  functioning  is  very  lloo-o 
affected  at  mountain  al't'ltudes.  It  is  probable  that  there  is  every  pcc 
slblllty  of  regulation  (compensation  and  adaptation),  which  requlr-c 
normal  or  intensified  nervous  functioning,  at  this  altitude  (2000  m). 
However,  a  prolongcrd  Intensification  cd  nervous  functioning  may  ieau  u. 
depression  and  marked  disruptions  of  regulation.  Excitation  of  t.he  nor 
vous  system  during  ascents  of  high  mountains  must  consequently  be  con¬ 
sider'.  '  a  "reminder”  of  previous  pathological  functional  dlsturb-ances . 


VALUE  OF  COCYHEMCMETRIC  DETERMINATION  OP  BLOOD-FLOW  RATE 


AND  OXIDATICSI  LEVEL  IN  APPRAISING  ACCLIMATIZATION  TO  HIGH- 

MOUNTAIN  CONDITIONS: 

A.M.  Tyurln 
(Leningrad) 

The  okiing  conpetitions  of  the  last  Olympic  Games  were  held  at  al¬ 
titudes  of  1300-2000  m  above  sea  level. 

Holding  athletic  competitions  under  mountain  conditions  imposes 
increased  demands  on  the  athelete's  body  and  makes  a  definite  impres- 
slcai  c«  his  training.  In  this  connection  the  problem  of  acclJ-matization 
to  mountain  conditions  acquires  considerable  Importance  and  must  be 
taken  into  account  in  training  skiers  for  competition.  This  is  made 
even  more  important  by  the  fact  that  the  topography  of  modern  ski  cours 
es  is  complicated  by  exceptionally  broken  terrain.  Ascents  made  under 
mountain  ccaidltlcais  lead  to  the  development  of  hypoxemia  of  an  extent 
nor  ordinarily  seen  in  races  held  at  low  altitudes.  Consequently,  in 
addition  to  ordinary  acclimatization,  the  atheletes  must  prepare  them¬ 
selves  to  perform  intensive  work  under  hypoxemic  conditions  du. Ing  a 
comparatively  brief  stay  in  the  mountains.  All  this  requires  thorough 
and  careful  medical  study  of  atheletes  during  training  and  competition. 

In  1959-1960,  as  members  of  a  group  of  physicians,  biochemists, 
and  physiol  Crists,  we  examined  members  of  the  Soviet  National  Ski  Team 
during  their  training  for  the  VIII  Winter  Olympiad,  which  was  carried 
out  at  Baku ’Ian 1  (1700-200C  m  above  sea  level)  and  Zlatoust.  In  evaluat 
Ing  acclimatizatlcm,  in  addition  to  wide  employment  of  doctors'  observa 
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tlOTis  of  pulse  rate  and  arterial  pressure  and  functlonaJ  tests  under 
stress,  we  used  the  oxyhemometrlc  method  to  investigate  the  intensity 
of  oxidative  processes  and  one  of  the  basic  hemodynamic  factors,  bl.aa- 
flow  rate,  both  under  basal -metabolism  conditions  and  during  the  recov¬ 
ery  period  after  training  and  competition. 

The  intensity  of  oxidative  processes  gives  a  relative  character¬ 
ization  of  basal  metabolism  (A.G.  Demto,  1959;  S.B.  Tikhvinskiy,  19^0; 
A. A.  Penkovlch,  I96O)]  The  majority  of  authors  detected  a  rise  in  basal 
metabolism  in  healthy  persons  under  high-altitude  conditions  (Byurzhi, 
19OO;  Zhake  and  Shtekhelln,  19OI;  Tsunts  et  al. ,  1906;  Levy,  1925;  V/ii- 
brandt,  1938;  N.N.  Slrctinln,  1939;  G.Ye.  Vladimirov  et  al. ,  1941;  L.L. 
Shlk,  1947  N.  I.Tavastshema,  1954;  et  al  ).  At  the  same  time,  the  dy¬ 
namics  of  the  change  in  basal  metabolism  during  the  acclimatization 
period  have  not  been  sufficiently  well  studied. 

The  results  of  investigation  of  blood-flow  rate  under  hlgh-rooun- 
taln  conditions  in  healthy  persons  who  are  not  atheletes  are  contradic¬ 
tory;  blood-flow  rate  has  not  been  studied  at  all  for  atheletes.  This 
apparently  results  from  the  complexity  of  the  method  used  to  determine 
it,  (Monkhe  et  al.,  1955;  M.M.  Mlrrakhlmov,  1955,  1957;  V.A.  Breydo, 
1957;  et  al.). 

Blood-flow  rate  was  determined  by  a  previously  described  method, 
using  a  0-38  oxyhemometer  and  a  portable  PPO-1  oxyhemometer  (A.M.  Tyu- 
rln,  i960;  A.G.  Dembo  and  A.M.  Tyurln,  l-^l).  The  intensity  of  the  oxi¬ 
dative  processes,  which  gives  a  relative  characterization  of  basal  met¬ 
abolism,  was  determined  from  tlv  duration  of  th  AB  phase  of  the  exhal¬ 
ation  breath-holding  curve  by  a  method  developed  in  the  laboratories  of 
the  Leningrad  Scientific  Research  Institute  for  Physical  Culture  by  A. 
A,  Penkovlch  (I956-I96O).  The  A.B  phase  was  recorded  with  a  timer  before 
the  blood-flow  rate  was  determined  during  the  same  exhalation  breath- 
holding  after  a  normal  Inhalation.  The  timer  was  started  at  the  end  of 
a  deep  exhalation  and  stopped  when  the  oxygen  saturation  of  the  arter- 


lal  blood  had  dropped  by  1^.  The  blood -flow  rate  was  recorded  with  a 
seccxid  tlier  during  the  sane  breath  bidding.  All  the  investigations 
were  ccmducted  twice  and  the  arithmetic  mean  of  the  two  determinations 
was  calculated;  the  permissible  error  between  the  determinations  was 
not  permitted  to  exceed  +1  sec. 

Detenoinatlcxi  of  the  blood-flow  rate  and  Intensity  of  oxidation 
wa  part  of  the  general  medical  examination  conducted  Immediately  on 
arrival  in  the  mountains  and  every  four  days  during  the  month  for  which 
the  atheletes  remained  there  (N.N.  Yakovlev,  B.A.  Ashmarin,  L.G.  Lesh- 
kevlch,  A.K.  Tyurln,  and  N.G.  Fedorova,  1959)* 

A  total  of  65  atheletes  -  Masters  of  Skiing  -  were  examined,  49 
being  male  and  I6  female  (34  at  Bakurianl  in  January  1939>  4l  at  Zla¬ 
toust  In  November  1959*  and  45  In  Bakurianl  In  January  i960). 

During  their  first  two  days  In  the  mountains  the  atheletes  com¬ 
plained  of  malaise,  poor  sleep,  and  headaches.  This  was  acccxnpanled  by 
a  deterioration  of  reactions  to  a  functional  cardiovascular  test  (Inten 
slflcatlon  of  the  pulse  reaction  to  stress,  appearance  of  cases  of  "ze¬ 
ro,"  or  ainlmal  pressure,  prolongation  of  recovery  time,  ^''peclally  af¬ 
ter  running  in  place  for  three  minutes,  etc.)  and  an  Increase  In  the 
hemoglobin  content  of  the  blood.  At  the  same  time,  the  resting  pulse 
rate  and  arterial  pressure  remained  unchanged,  as  they  did  throughout 
the  entire  subsequent  acclimatization  period.  During  these  first  two 
days  there  was  a  clear  Increase  In  the  Intensity  of  oxidation  and  an 
acceleration  of  blood  flow  In  the  "lung-ear"  segment  of  the  vascular 
bed. 

During  the  first  three-eight  days  of  acclimatization  the  atheletes 
training  took  the  form  of  walks  Involving  ascents  to  altitudes  of  25OO- 
2700  m.  Prom  the  eighth-tenth  day  onward  the  sp^ed  and  distance  covered 
were  gradually  Increased,  the  maximum  distance  covered  rising  from 

0.5-1  to  8-10-15  km. 

This  Increase  In  training  stress  from  the  eighth-tenth  day  of  ac¬ 
climatization  onward  Is  explained  by  the  fact  that  the  functional  state 

-  586  - 


TABLE  1 


Change  In  the  Functional  State  of  Skiers 
during  Acclioiatization  to  Mountain  Cc^di- 
tions  (Bakurlanij  1959) 
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1)  Length  of  stay  in  mountains  (in  days);  2)  pulse  rate  (per  min);  3) 
arterial  pressure  (nm  Hg);  4)  hemoglobin  content  of  blcod  (g-?f);  5)  AB 
phase  (sec);  6)  blood -flow  rate  (sec);  7)  number  of  cases  of  retarded 
restoration  of  working  capacity  after  training  (J^);  8)  21  or  more. 


of  the  organism  at  this  time  approximated  that  observed  at  low  altitude 
before  coming  to  the  mountains ^  the  changes  in  the  males  and  females 
being  essentially  the  same.  More  precisely,  the  reaction  to  the  func¬ 
tional  cardiovascular  test  and  the  hemoglobin  content  of  the  blood  were 
the  same  as  at  sea  level.  There  was  also  a  slight  decrease  in  the  in¬ 
tensity  of  oxidation,  a  drop  in  blood-flow  rate,  and  a  decrease  in  the 
number  of  cases  of  retarded  recovery  after  training  sessions  in  ccxnparl- 
son  with  the  first  few  days  in  the  mountains  (Table  1). 

Analysis  of  the  results  of  determination  of  blood-flow  rate  by  the 
diffusion  method  enabled  us  to  conclude  that  there  were  material  dif¬ 
ferences  in  the  atheletes'  blood-flow  rates  in  accordance  with  the 
length  of  their  stay  in  the  mountains  and  that  these  differences  could 
not  be  attributed  to  fortuitous  factors.  The  diffusion  ratios  obtained 
in  our  analysis  (3,  89)  exceeded  those  listed  in  the  standard  tables 
(3#  21),  for  a  probability  of  0.99  with  degrees  of  diffusion  freedom  of 
5  (Intergroup)  and  103  (Intragroup).  Similar  changes  depending  on  time 
spent  in  the  mountains  were  observed  in  analyzing  the  data  on  the  In- 
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tensity  of  oxlditlon. 

The  OKyhMKHetrle  <kita  on  oxlditlon  Intensity  and  blood -flow  rate 
were  thus  noemll^d  after  13-17  days  of  ascliaatlzation.  Consequently, 
despite  the  fact  that  the  pulse  rate,  arterial  pressure  and  its  reac- 
tic»  in  the  fuiwtlcnal  stress  test,  and  the  hen  globin  content  of  the 
blood  were  the  saae  as  at  sea  level  on  the  eighth-tenth  day  of  acclima¬ 
tization,  norMllaation  of  the  oxyhenoBetric  data  began  only  after  an 
average  of  13-17  days  in  the  nountains.  All  this  indicates  the  impor¬ 
tance  of  the  indices  idiieh  we  studied  for  conclusive  evaluation  of  ac- 
clinatlsatlOR  to  hlgh-«ountain  conditions  and  that  a  13-17  day  acclima- 
tizjitioQ  period  is  not  standard  for  all  skiers.  According  to  all  our 
data,  aeellmtlzatlon  begins  after  an  average  of  eight  days  in  the  moun¬ 
tains  for  certain  highly  conditioned  atheletes.  These  acclimatization 
tiows  for  atheletes  training  at  2000  m  above  sea  level  agree  with  those 
established  In  the  Investigations  of  other  authors  (A.D.  Bemshteyn  et 
al.,  et  al.). 

Despite  the  restontion  of  pulse  rate  and  arterial  pressure,  di¬ 
rect  In^Stlgatlon  of  the  influence  of  competition  on  the  changes  In 
blood-^OMf  rate  and  the  AB  phase  made  it  possible  to  conclude  that 
working  capacity  is  not  fully  restored  on  the  day  after  competition  and 
that  the  training  regime  smst  be  altered  correspondingly.  For  example, 
on  the  momltig  before  CGag>etition  at  30  km  athelete>  K-ov's  pulse  rate 
was  31#  his  arterial  pressure  was  113/75  mm  Hg,  his  "lung-ear"  blood- 
flow  rate  was  7*6  sec,  and  his  AB  phase  lasted  12.7  secj  on  the  morning 
of  the  day  after  ooig>etltion  his  pulse  rate  and  arterial  pressure  had 
been  restored,  but  there  was  an  acceleration  of  blood  flow  (6.2  sec) 
and  an  Intensification  of  oxidation  (10.2  sec).  The  AB  phase  and  blood- 
flow  rate  were  restored  only  on  the  second  day  (13*2  and  7*3  sec). 

The  previously  discovered  fact  (A.O.  Dsmbo  and  A.M.  Tyurin,  1961) 
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Ithat  blood  flow  Is  retarded  in  atheletes  as  their  conditioning  improve- l 

9 

bas  been  completely  confirmed  under  high -mountain  cc«dltlc»i£.  In  many 
*  lilghly  skilled  skiers  -  Honored  Masters  of  Sport  and  Masters  of  Sport  - 

f 

jblood-flow  rate  Is  retarded  to  8.3-10.1  sec  from  the  normal  5*b  -ec 
during  training  acclimatization. 

We  are  faced  with  the  problem  of  whether  or  not  to  attribute  the 
retardation  of  blood-flow  rate  which  occurs  under  hlgh-altltude  condi¬ 
tions  to  the  influence  of  the  mountain  climate  on  the  cardiovascular 
system.  This  question  is  well  taken,  since  M.M.  Mlrrakhlmov  (1955, 
1957)#  Monkhe  etal.  (1955) »  and  other  authors  found  a  retardation  of 
blood  flow  to  occur  in  mountain  residents  who  did  not  participate  In 
sports. 

Our  further  investigations  of  the  same  atheletes  showed  that  in 
the  majority  of  cases  oxyhemometrlc  indices  during  acclimatization  were 
better  during  the  principal  training  period  of  i960  than  during  the 
preceding  year  or  at  the  beginning  of  the  principal  training  period  in 
Zlatoust  (Table  2). 

The  investigations  which  we  conducted  enable  us  to  recommend  the 
bloodless  oxyhemometrlc  method  determining  blood -flow  rate  and  oxi¬ 
dation  Intensity  for  establishing  more  precisely  the  periods  required 
for  atheletes  to  become  acclimated  to  mountain  conditions.  These  inves¬ 
tigations  showed,  firstly,  that  15-17  days  of  active  acclimatization 
are  quite  sufficient  for  all  skiers  and,  secondly,  that  the  blood -flow 
rate  and  oxidation  intensity  for  atheletes  under  mountain  conditions 
do  not  differ  materially  after  acclimatization  from  those  for  the  same 
period  of  training  at  sea  level.  Observations  of  the  recovery  period 
after  training  and  competition  expand  our  concepts  of  the  functional 
^  state  of  the  organism  and  enable  us  to  alter  the  training  regime. 

There  Is  no  doubt  that  bloodless,  simple,  convenient  oxyhemometrlc 
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TABLE  2 


Mean  Blood-flow  Rate  and  Oxidation -rate  Indices 
(AB  phase  of  Breath-holdi.ig)  in  Skiers  on  the 
1959-1960  Teams 
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10.7 

— 
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— 
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— 

-- 

— 

6.5 

73 
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1)  Type  of  sport;  2)  index;  3)  Bakuriani,  January  1959;  length  of 
stay  in  mountains,  days;  5)  17  or  more;  6)  Zlatoust.  November  1939;  7) 
Bakuriani,  January  I960;  8}  ski  races;  9)  males;  10)  females;  11)  clas¬ 
sic  two-part  competition;  12)  AB  phase;  I3)  blood-flow  rate. 


investigations  of  oxidation  intensity  and  as  important  a  hemodynamic  in¬ 
dex  as  blood-flow  rate  should  come  to  be  as  widely  used  as  arterial - 
pressure  measurement. 
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INFLUENCE  OP  HIGH-MOUNTAIN  FACTORS  ON  THE  REFLEX  RELATI(»ISHIPS 
BETWEEN  RENAL  AND  SALIVARY  ACTIVITY 
B.Ye.  Eelpenko 
(K!ey) 

!  Despite  the  large  number  of  investigations  which  have  been  devoted 
I  to  studying  the  activity  of  organs  and  systems  of  the  organism  under 

s 

I 

I  hlgh-BOuntaln  condltlcxis,  sufficient  work  has  not  been  done  on  the 

s 

problem  of  the  Influence  of  hlgh-altltude  factors  on  Its  regulatory 
systems.  The  works  of  Barcroft  (1921,  1922),  Kingston  (1925),  N.N.  Slr- 
otlnln  (1928,  1929,  1931,  1935,  1939),  Yu.N.  Popov  (1930),  V.A.  Samtsov 
j  (1933),  A.Z.  Kolchlnskly  (1952),  and  others  Indicate  that  there  are  sub- 
I  stantlal  changes  In  the  functioning  of  the  central  nervous  system,  es- 

I 

I  peclally  psychic  activity,  when  ascents  are  made  to  high  altitudes. 

]  However,  the  literature  available  to  us  describes  no  Investigations  In- 

I 

^  tended  to  study  the  central  nervous  system  as  the  regulator  of  the  ac- 

I 

I  tlvlty  of  all  the  organs  and  systems  of  the  organism  under  hlgh-altl- 

I 

j  tude  conditions.  The  work  which  bears  directly  on  this  problem  has  been 
'  conducted  under  laboratory  condltlwis.  In  acute  experiments  (E.Sh.  Ay- 

f 

» 

*  rapetyants  and  V.N.  Zvorykin,  1952;  T.V.  Popova,  1952)  or  In  experi¬ 
ments  Involving  the  breathing  of  a  gas  mixture  with  a  reduced  oxygen 
content  (M.D.  Chlrkin,  1958). 

In  addition,  study  of  the  regulation  of  the  functions  of  the  or¬ 
ganism  and  of  the  Interrelated  and  Interde -jendent  activity  of  Its  or¬ 
gans  and  systems  when  It  remains  at  high  altitudes  Is  of  undoubted 
theoretical  and  practical  Interest. 
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We  studied  the  reflex  rcxatl  nships  of  various  organs  (the  klclncyn 
and  salivary  glands)  under  mountain -climate  conditions  under  different 
altitudes.  This  work  was  ccxiducted  during  i960  and  196I  at  the  mountain 
stations  of  the  Institute  of  Physiology  Imenl  A. A.  Bogoinol*ts  of  the 
Academy  of  Sciences  UkSSR^  which  are  located  In  the  vicinity  of  Mount 
El'brus  at  altitudes  of  2000  and  3200  m.  We  observed  the  diuretic  func¬ 
tion  of  the  kidneys  and  the  alimentary  secretion  of  the  salivary  glands 
at  different  renal -activity  levels  In  dogs  with  chronic  flstulae  of  the 
parotid  glMda  and  stomach  and  ureters  brought  out  to  the  skin.  In  or¬ 
der  to  Intensify  the  diuretic  function  of  the  kidneys  300  ml  of  vfater 
at  36-38^  C  was  infused  through  the  gastric  fistula.  The  urine  was  col¬ 
lected  every  15  minutes  and  the  saliva  for  two  minutes  every  15  minutes. 
EXPERIMENTAL  RESTH/PS 

The  experiments  conducted  in  Kiev  showed  clear  reflex  relation¬ 
ships  between  renal  and  salivary  activity  In  all  four  experimental  dogs. 

The  relationships  between  these  organs  in  dogs^  which  we  described  pre- 
vlously  (1^4«  1936 )j  take  the  form  of  a  depression  of  alimentary  sal¬ 
ivary  seereticn  during  intensified  renal  activity.  The  results  of  the 
Individual  control  experiments  are  shown  In  the  table  and  In  Fig.  1. 

The  data  presented  in  the  table  Indicate  that  the  alimentary  se¬ 
cretion  of  the  parotid  glands  Is  reduced  during  Intensified  diuresis. 

Diuresis  increases  sharply  15-30  minutes  after  Introduction  of  500  ml 
of  water  into  the  stomach  and  remains  at  a  high  level  for  one  hour 
(from  15  to^ 100  ml  In  the  15-mlnute  samples).  The  saliva  samples  col¬ 
lected  during  this  period  are  smaller  and  have  a  lower  solid-residue 
content  than  samples  collected  against  a  background  of  depressed  diur¬ 
esis. 

A  different  type  of  relationship  between  diuresis  and  saliva  se- 

S 

cretlon  was  observed  under  high -mounts In  conditions.  At  an  altitude  of 
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Relationship  of  Renal  and  Salivary  Activity  Un¬ 
der  aqueous  Stress 
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Note:  a)  Quantity  of  saliva  jin  nd);  b)  solid 
residue  of  saliva  (In  mg);  c)  quantity  of  urine 
(In  n^);  d)  solid  residue  of  urine  (In  mg), 

1)  Index;  2)  time  In  minutes;  3)  dog  Norka,  experiment  of  27  June  I960; 
4)  dog  Astrs,  experiment  of  22  June  I960;  5)  dog  Pantera,  experiment  of 
17  June  i960;  6)  dog  Pal’ma,  experiment  of  17  June  i960. 


2000  m  (Terskol)  the  relationships  between  renal  and  salivary  activity 
were  unstable  In  character.  During  the  first  one  or  two  days  the  exper¬ 
imental  dogs  exhibited  renal -salivary  relationships  similar  to  those 
observed  In  the  experiments  In  Kiev,  l.e.,  there  was  a  substantial  de¬ 
pression  of  the  alimentary  secretion  of  the  salivary  glands  during  In¬ 
tensified  renal  activity  (Fig,  1).  Specifically,  during  this  period  the 

,  saliva-secretion  level  in  the  presence  of  Intensive  diuresis  was  865^  of 

\  * 

that  recorded  during  reduced  diuresis  In  Pal’ma  and  665^  In  Pantera.  We 
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wtoi  i  ••oration  in  experiments  Involj^  aaueous 

1^*  nn  ittMt  ^aft  dl^^lNiiit  deys  et  an  altitude  of  2000  m.  1 5 

5)  Morto;  6)  Astra;  7)  Terskol;  6)  Tst 

day; 

subseqiii^iy  jol^md  no  relationship  between  renal  and  salivary  activ- 
ity«  Bepasali-^tha  ^ourth^  and  el^th  days  at  2000  m  the  saliva  secretion 
level  tlltenslve  diuresis  was  the  same  as  that  observed  before 

applie^itt  of  the  aqueous  stress,  l.e.,  during  comparatively  low  dlur- 
i?OiS.  ‘ 

fb0  iMi^loM^ipa  between  renal  and  salivary  activity  were  later 
(after  ^12  days)  rsstored.  In  experiments  conducted  on  the  ninth  day 
at  SOOOfai  laiilMi  saoretloo  during  Intensive  diuresis  was  9^^  of  Its  in¬ 
itial  IMlj  on  the  tenth  day  It  was  913<*  and  on  the  eleventh  day  It 
MB  as  ai^lnst  88^  under  the  conditions  of  Kiev. 

After  ^le  experiments  at  2000  n  we  conducted  a  series  of  experi¬ 
ments  at  3200  a  (Frlyut  105).  At  this  altitude  ti  i  experimental  dogs 
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exhibited  essentially  uniform  salivary  and  renal  activity,  with  no 
marked  relationships  between  them,  from  the  first  to  the  last  (12th) 
days.  In  a  number  of  experiments  the  saliva  secretion  level  during  wat¬ 
er-induced  diuresis  was  only  slightly  (3-6}t)  less  than  that  during  or¬ 
dinary  diuresis,  while  in  the  remaining  experiments  it  was  the  same 
(Pig.  2). 

The  data  obtained  in  our  experiments  indicate  that  the  character 
of  the  relationships  between  renal  and  salivary  activity  after  applica¬ 
tion  of  aqueous  stress  under  hlgh-mountaln  conditions  differs  frcxn  that 
observed  under  lowland  conditions,  pointing  to  disruption  and  disap¬ 
pearance  of  these  relationships.  In  contrast  to  the  experiments  at  Ter- 
Bkol,  at  3200  m  we  observed  no  restoration  of  the  relationships  between 
renal  and  salivary  activity. 
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Fig.  2.  Diuresis  and  saliva  production  in  experiments  involving  aqueous 
stress  on  different  days  at  3200  m.  l)  Prlyut  105;  2)  Pal'ma;  3)  Pan- 
tera;  4)  Norka;  5)  Astra;  6)  1^  day;  7)  5th -6th  day;  8)  9th -10th  day. 


The  results  of  these  experiments  enable  us  to  assume  that  the  re 


latlonshlps  between  the  activities  of  these  organs  of  the  secretory  and 
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digestive  systems  are  disrupted  as  a  result  of  the  action  of  oxygen  de¬ 
ficiency  on  the  organism^  primarily  on  the  central  nervous  system.  The 
correctness  of  this  view  Is  Indicated  by  the  works  of  E.Sh.  Ayrapet- 
yants  and  V.N.  Zvoi^rkln  (1952),  T.V.  Popova  (1952),  and  M.D.  Chlrkln 
(1958) ^  In  which  It  is  demcHistrated  that  the  reflex  relationships  be¬ 
tween  the  gastrointestinal  tract  on  the  one  hand  and  blood  pressure, 
cardiac  activity,  and  resplratlc»i  on  the  other  are  disrupted  In  the  pre¬ 
sence  of  oxygen  deficiency  caused  by  breathing  a  gas  mixture  with  a  low 
partial  oxygen  pressure  or  by  administration  of  KCN.  In  addition,  a 
substantial  basis  for  this  view  Is  furnished  by  the  data  In  the  litera¬ 
ture  (Ye.M.  Kreps  and  V-I.  Voytkevlch,  1955)  on  the  decrease  In  the 
oxygen  content  of  the  blood  which  occurs  on  the  second  day  at  2000  m 
and  the  restoration  of  the  original  Indices  which  occurs  on  the  seventh - 
eighth  day.  As  was  shown  above,  the  dynamics  of  the  relationships  be¬ 
tween  renal  and  salivary  activity  at  2000  m  coincide  with  the  changes 
in  the  oxygen  content  of  the  blood  at  this  altitude. 

In  the  ascent  to  3200  m  and  the  subsequent  12-day  stay  at  this  al¬ 
titude  we  did  not  detect  the  relationships  between  the  change  In  renal 
activity  after  aqueous  stress  and  the  alimentary  secretion  of  the  sali¬ 
vary  glands  usual  under  lowland  conditions.  The  data  In  the  literature 
Indicate  that  the  organism  requires  a  longer  time  to  adapt  to  hypoxia 
at  high  altitudes. 

All  this  gives  us  reason  to  assume  that  the  reflex  relationships 
between  the  kidneys  and  salivary  glands  are  disrupted  at  high  altitudes 
as  a  result  of  the  action  of  oxygen  deficiency  on  the  central  nervous 
systep,  particularly  as  a  result  of  a  change  In  the  Interaction  of  the 
nerve  centers  whfch  regulate  these  relationships  under  the  Influence  of 
hypoxia.  On  the  basis  of  the  data  presented  above  we  may  draw  the  fol¬ 
lowing  conclusions: 
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1.  The  reflex  relationships  between  th  activities  of  various  or- 

.  gans  (the  kidneys  and  salivary  glands)  are  disrupted  under  high-moun- 

} 

1  tain  conditions. 

i  2.  The  reflex  relationship  between  the  functions  of  these  organs 

f 

’  is  restored  when  the  organism  adapts  to  the  oxygen  deficiency. 


THE  OROPOIETIC  FUNCTION  OP  THE  KIDNEYS  UNDER  THE  CONDITIONS 

OP  THE  HIGH  MOUNTAINS 
B.  Ye.  Yeslpenko  and  A.P.  Rostromina 

(Kiev) 

Although  a  considerable  number  of  studies  have  been  de .  )ted  to  in¬ 
vestigation  of  various  functions  of  the  organism  under  high-mountain 
conditions,  the  literature  contains  almost  no  information  concerning 
the  physiology  of  the  kidneys  under  these  conditions.  This  is  difficult 
to  explain  when  we  consider  the  high  Importance,  from  both  the  theoreti¬ 
cal  and  practical  standpoints,  of  the  inSfluence  exerted  on  the  organism 
by  the  subnormal  atmospheric  pressure  and  other  factors  operating  in  the 
high  mountains.  Further,,  the  essential  role  of  the  kidneys  in  maintain¬ 
ing  homeostasis  within  the  organism  and  the  fact  that  the  organism's 
Internal  medium  is  considerably  Influenced  by  hlgh-mountaln  factors, 
confer  particular  Importance  upon  this  question.  However,  except  for 
indirect  observations  made  in  the  studies  of  P.M.  Al'bltskly  (l884). 

Ye. A.  Kartashevskly  (1906)  and  N.N.  Sirotinfn,  we  have  no  data  on  kid¬ 
ney  function  under  hlgh-mountaln  conditions.  A  number  of  investigations 
by  both  foreign  and  [Soviet]  authors,  among  which  the  monumental  work 
of  A.  0.  Kuznetsov  (1955)  is  worthy  of  note,  have  been  devoted  to  study 
of  the  Influence  exerted  upon  kidney  function  by  such  an  important  moun¬ 
tain  factor  as  oxygen  insufficiency.  However,  the  conditions  of  the  ex¬ 
periments  (acute  experiments,  experiments  with  inspiration  of  gas  mix¬ 
tures  with  low  oxygen  content,  hypobaric- chamber  experiments,  etc.)  can¬ 
not  be  identified  with  the  conditions  obtaining  in  the  high  mountains. 
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simply  in  view  of  the  short  time  spent  by  the  animals  at  subnorma’’.  oxy¬ 
gen  contents. 

In  the  light  of  the  above,  it  is  our  view  that  the  data  that  we  ob¬ 
tained  in  a  study  of  the  uropoietic  function  of  the  kidneys  in  dogs  at 
various  altitudes  on  the  El 'brus  should  offer  a  certain  amount  of  in¬ 
terest  . 

METHOD 

The  work  was  done  on  dogs  w'th  the  ureters  diverted  to  the  skin  of 
‘  the  abdomen  (after  Pavlov- Tsltovlch)  and  with  gastric  fistulas.  The  ex¬ 
periments  were  conducted  in  the  morning  hours  (from  9-10  o'clock),  be¬ 
fore  the  dogs  were  fed. 

The  amount  of  urine  was  registered  using  graduated  cylinders  at  15- 
minute  Intervals  over  the  course  of  two  hours.  In  water-load  experiments, 
the  urine  was  collected  over  45  minutes  before  administration  of  the 
water  load  and  for  two  hours  afterward.  In  addition  to  the  quantity,  the 
concentration  of  dense  substances  In  the  urine  was  determined  by  the  re- 
flectometry  method  (B.Ye.  Yeslpenko  and  M.S.  Yaremenko,  196I).  The  water 
load  was  admlnl steroid  through  the  gastric  fistula  in  an  amount  of  500 
m]^  at  a  temperature  of  36-38^C,  The  experiments  were  conducted  at  Kiev 
and  in  hlgh-raountaln  regions  of  El 'brus  (Terskol,  altitude  2000  m  and 
Prlyut  105,  altitude  3200  m)  during  the  i960  and  196I  expeditions  of  the 
the  A, A.  Boromol'ts  Physiology  Institute  of  the  Academy  df  Sciences  of 
the  Ulcralnlan  SSR.  The  work  was  done  on  five  dogs, 

EXPERIMENTAL  RESULTS 

The  experiments  in  which  continuous  (spontaneous)  excretion  of  ur¬ 
ine  was  observed  indicated  that  in  dogs,  formation  of  urine  under  the 
condltlcas  of  the  high  mountains  does  not  take  place  in  the  same  way  as 
under  lowland  conditions.  At  Kiev,  uropoie. is  was  characterized  by  the 
following  data  in  the  experimental  animals:  for  Norka,  the  level  of  uro¬ 
poiesis  averaged  4.3  ml.  every  15  minutes,  the  quantity  of  urine  formed 
over  the  time  of  the  experiment  (2  hours)  was  34.3  inl^>  and  the  concen¬ 
tration  of  dense  substances  was  7.25^.  In  the  course  of  the  experiment. 
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the  level  of  uropoiesis  was  obs.rved  to  diialnlsh  and  the  quantity  of 
urine  formed  during  the  seccaid  hour  of  the  experiment  was  12jt  lower  on 
the  average  than  during  the  first  hour.  Wie  percentage  content  of  dense 
substances  in  the  urine  rose  toward  the  end  of  the  experiment.  In  Taksa, 
the  uropoiesis  level  as  4.7  ml  in  15  minutes,  37.8  ml  of  urine  were 
formed  over  two  hours,  and  the  concentration  of  dense  substances  in  it 
came  to  6,77%-  No  decrease  in  the  level  of  uropoiesis  was  observed  in 
this  animal  during  the  course  of  the  experiment,  nor  was  there,  in  con- 
tiast  to  all  of  the  other  experimental  dogs,  any  increase  in  the  con¬ 
centration  of  the  urine  toward  the  end  of  the  experiment.  In  the  case 
of  Dzhina,  5*0  ml  of  urine  were  font^d  on  the  average  every  15  minutes, 
41.0  na  formed  over  the  two-hour  Interval,  and  the  concentration  of 
dense  substances  in  the  urine  was  6.68$^.  In  this  dog,  we  noted  a  more 
significant  decrease  in  the  level  of  uropoiesis  in  the  course  of  the 
experiment:  the  quantity  of  urine  that  was  formed  during  the  second 
hour  of  the  experiment  was  smaller  than  during  the  first  hour.  The 
percentage  content  of  dense  substances  in  the  urine  increased. 

Under  mountain  ccnditions  at  an  altitude  of  2000  m  (Terskol),  we 
observed  an  enhancement  of  the  uropoletlc  function  of  the  kidneys  in 
all  of  the  experimental  dogs,  together  with  a  considerable  decrease  in 
the  concentration  of  dense  substances  in  the  urine. 

In  Norka,  the  average  quantity  of  urine  in  the  15-mlnute  specimens 
came  to  4,5  sd,  while  it  was  35*8  ml  over  the  two  hours  of  the  experi¬ 
ment.  The  percentage  content  of  dense  substances  in  the  urlrd  fell  to 
4.43^  as  coi!V>ared  with  the  Kiev  experiments.  For  Taksa,  the  level  of 
urine  excretion  at  this  altitude  was  6.1  nd  in  15  minutes,  and  48.3  m^ 
of  urine  formed  over  the  course  of  the  experiment.  The  concentration  of 
dense  substances  dropped  to  2,S1%, 
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TABLE  1 

Uropoiesis  in  D  gs  under  Lowland  and  Mountain 

Conditions 


»  cm-|  M  t 


3  Kmm 


6  IkpKCJU 

8 _ » 


659 

450 

457 

457 

3.70 

350 

350 

4.10 

45 

55? 

650 

650 

75 

75' 

753 

6.44 

857 

6,40 

550 

65  > 

55) 

457 

45 » 

45 

3.70 

4.n 

5.79 

6.40 

7.40 

757 

7.41 

751 

852 

4.40 

357 

3.91 

5.0 

557 

45* 

557 

4.70 

4.7 

753 

7.76 

755 

656 

6.42 

652 

656 

656 

10  TepauM  (mkots  2000  m) 

7 

6  Hoon:  ma  120  650  3.40  2J0  25'  190 

a  %  152  2j62  4  32  SjO  7.76  652 

^  Ibmm.MA  26  0  22  20  lt5o  9.1)  650  6.40 

%  .  1.41  1J63  116  357  354  406 

9  Tmcc  ju  6.70  6j0  S.n  6.0  7.10  6.0 

%  2.92  254  2  76  351  293  197 


2  93  35 
621  657 
750  6.40 
4  13  453 
630  650 
256  166 


45  3650 
~  4.43 

119  1035 

—  140 

6.1  46.40 

-  191 


^  XtnMC  MM 


llnpHior  106  (uicora  3200  m) 


14.40 

850 

3.00 

3.70 

350 

350 

350 

350 

55 

153 

255 

5.0 

652 

6.79 

751 

758 

751 

3357 

2*50 

1270 

960 

9.r)0 

950 

660 

75 

136 

1.45 

164 

256 

3.1 

3.42 

352 

365 

4.C6 

— 

85 

7.10 

7.0 

6.70 

7.71) 

6.0 

7.97 

7j0 

7.4 

256 

250 

256 

256 

256 

256 

252 

351 

I  1)  Dog;  2)  time  (in  min);  3)  average:  4)  over 

I  2  hours;  5)  Kiev;  6)  Norka;  7)  ml;  8)  Dzhina; 

I  9)  Taksa;  iO)  Terskol  (altitude  ?000  ra);  11) 

I  Priyut  105  (altitude  3200  m) . 

i 

j  The  most  significant  rise  in  the  uropoiesis  level  at  the  2000-m  ai- 
jtltude  was  observed  for  Dzhina.  The  quantity  of  urine  in  the  15-mlnute 
specimens  rose  for  this  animal  from  5.2  ml  (Kiev)  to  12.9  ml,  and  an 
average  of  103.0  ml^  was  formed  over  the  two  two  hours  of  the  experiment 
The  percentage  content  of  dense  substances  decreased  to  2.4. 


At  the  2000-meter  altitude,  the  dogs  showed  a  more  significant 
drop  in  the  uropoiesis  level  than  that  observed  at  Kiev,  together  with 
?a  rise  in  the  percentage  content  of  dense  substances  in  the  urine  toward 


,  the  end  of  the  experiment.  As  in  the  preceeding  series  of  experiments, 

)  Taksa  was  an  exception;  in  this  animal,  uropoiesis  remained  at  the  same 
level  over  the  entire  course  of  the  experiment. 
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Fig.  1.  Continuous  (Spon» 
taneous)  foraation  of  ur¬ 
ine  under  lowland  and 
mountain  conditions  (dog 
lk>rka«  I960  expedition). 
A)  ml;  B)  Kievj  C)  Ter- 
skolT  D)  Priyut  105. 


Pig.  2.  Water  diures¬ 
is  under  lowland  and 
mountain  conditions 
(dog  Norka.  1961  expe¬ 
dition).  A)  ml;  B) 
Kiev;  C)  Terslcol;  D) 
Priyut  105. 


At  the  altitude  of  3200  m  (Priyut  I05),  the  experimental  animals 
showed  an  even  higher  level  of  the  kidney  uropoletic  function.  All  ani¬ 
mals  secreted  more  urine  at  this  altitude  than  they  had  at  Kiev  and  Tel- 
skol;  the  percentage  content  of  dense  substances  in  the  urine  was  high¬ 
er  than  at  Terskol  and  lower  than  at  Kiev. 

In  Norka,  the  uropoletic  function  of  the  kidneys  at  the  3200-m  al¬ 
titude  was  characterized  by  the  formation  of  5.5  of  urine  over  15 
minutes,  and  43*.8  over  the  two  hours  of  the  experiment.  The  concen¬ 
tration  of  dense  substances  in  the  urine  was  6.09^;  in  Taksa,  the  cor¬ 
responding  figures  were  7.4  nQ,  59.5  and  3.11J^;  for  Dzhlna,  they 
were  13.8  1^,  111  ml  and  3.515^.  The  nature  of  uropoiesis  in  the  experi¬ 
mental  animals  under  lowland  and  mountain  conditions  is  reflected  in 
Table  1  and  Fig.  1. 

Changes  of  another  type  in  the  kidney  uropoletic  function  were  ob¬ 
served  in  the  dogs  under  mountain  conditions  when  they  were  administered 
a  water  load.  At  an  altitude  of  2000  m,  the  water  diuresis  that  followed 

administration  of  500  ml  of  water  through  the  gastric  fistula  exceeded 

”  \ 

the  quantity  of  urine  excreted  over  two  hours  under  the  same  experimental 
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TABLE  2 

Water  Diuresis  In  Dogs  under  Lowland  and  Moun¬ 
tain  Conditions 


1 

1  2  A— 

0  tCpCBM  1 

4  ll|iaa.T  IW 

5 

77- 

Kam* 

Kmih' 

Kajis'ic-I 

i  CttaM 

<ICCTM 

tWr. 

flMT* 

1  IImit- 

Hjot- 

CTIIO 

IImt. 

mmm 

■Mt 

■wa 

mmm 

■Mt  tt* 

awt  ac- 

»M€ 

■wi 

Mt 

■MCtM, 

•tTttOt 

M  S  «•- 

.Mtr/M 

ntm 

•fMt* 

«•«> 

ct 

11*%) 

<aM> 

Wt 

CTM 

(a  jM| 

6 

7 

|k 

1 

1  7 

<• 

(•%> 

1  HoMa  .  8.  J  ttS,4 

149 

3976 

3564 

149 

3960 

3994 

141 

3912 

f  (MRIHJMHUia 

1  I960  r.) 

j 

i  Hopia  ^  . 

1  {mcmcamimi 

2994 

141 

3933 

3194 

1.74 

6561 

2374 

244 

4669 

1  1961  r.i 

1  Acrpa  .  10  . 

1  (saaMaaaHa 

1960  r.) 

,  Aerpa  .  ll  . 

270.4 

1.46 

3930 

364.7 

1.46 

6336 

3434 

1.42 

4902 

3064 

1.49 

4S6S 

2914 

149 

4643 

210,6 

179 

4376 

(sKcaecmuia 

1  1961  r) 

naarcpa  . 

2404 

1.47 

3547 

384.9 

149 

4530 

2264 

1.74^ 

3926 

j l)  Dog;  2)  Kiev;  3)  Terskol;  4)  Priyut  105;  5)  quantity  of  urine  in  2 
'hours  (In  m^) ;  6)  dense  substances  (in  %) ;  7)  dense  residue  (in  mg); 
Norka  (i960  expedition);  9)  Norka  (196I  expedition);  10)  Ascra  (i960  ex 
pedltlon);  11)  Astra  (196I  expedition);  12)  Pantera. 

conditions  at  Kiev  by  an  average  of  155^  in  all  dogs,  and  was  accon?>an- 
led  by  an  increase  in  the  concentration  of  dense  substances  in  the  ur¬ 
ine.  For  example,  while  Astra  had  produced  270.4  m^  of  urine  over  two 
hours  after  a  water  load  administration  at  Kiev,  the  uropoletlc  kidney 
function  was  characterized  at  the  2000-m  altitude  by  formation  of  364.7 
m]^  of  urine;  the  corresponding  figures  for  Norka  were  269.4  and  356.3 
ml.  (i960)  and  299.2-319.8  m^  (196I  expedition),  while  Pantera  produced 
240.5  and  284.8  ml. 

The  concentration  of  dense  substances  in  the  urine  was  higher  at 
an  altitude  of  2000  m,  and  the  total  quantity  of  these  substances  in 
the  urine  was  naturally  higher  than  at  Kiev.  Thus,  fcr  Norka  the  concen 
tratlon  of  dense  substauices  in  the  urine  formed  during  the  two  hours  af 
ter  administration  of  the  water  load  was  1.31$^  at  Kiev,  and  the  quanti¬ 
ty  of  dense  substances  excreted  with  this  urine  was  3933  nig;  at  2000  m, 
however,  the  concentration  of  dense  substances  excreted  over  two  hours 


was  5561  ng. 

Thus,  as  will  be  seen  fron  Table  2,  uropoiesis  in  the  dogs  at  an 
altitude  of  2000  m  differs  from  that  under  lowland  conditions  (Kiev)  in 
having  a  higher  rate  and  increased  excretion  of  dense  substances  from 
the  organisa. 

At  the  3200-b  altitude,  the  level  of  uropoiesis  was,  in  all  exper> 

mental  dogs,  approxlaately  13-20)^  lower  than  at  the  altitude  of  2000  m, 

/ 

and  somewhat  lower  than  in  Kiev  in  most  of  the  experiments.  For  example, 
for  Norka  (I96I  expedition)  238  sd  of  urine  were  formed  at  tb  3200-m 
altitude  during  the  two  hours  after  administration  of  the  water  load, 
as  against  320  iC  at  the  2000-m  altitude  and  299  nd  at  Kiev;  the  figures 
for  Pont  era  were  223  At  3200  m,  283  nd  at  2000  m  and  240  ml  at  Kiev. 

The  concentration  of  dense  substances  in  the  total  quantity  of  ur¬ 
ine  formed  over  two  hours  following  administration  of  the  water  load 
at  an  altitude  of  3200  m  was,  as  a  rule,  the  highest  observed.  Thus,  for 
Astra  (1961  expedition),  the  concentration  of  dense  materials  in  the  ur- 
Ine  was  2.78*j(  at  the  altitude  of  3200  m,  1.595^  at  Terskol  and  1.495^  at 
Kiev.  Similar  results  were  obtained  in  the  majority  of  experiments  for 
all  of  the  experimental  dogs.  Figure  2  permits  con9>arison  of  the  nature 
of  the  water  diuresis  under  lowland  and  mountain  conditions. 

Summing  up  the  results  of  the  study,  we  can  affirm  that  both  the 
continuous  (spontaneous)  uropoiesis  and  water  diuresis  take  different 
forms  under  lowland  and  mountain  conditions.  However,  while  the  contin¬ 
uous  excretion  of  urine  increases  progressively  in  the  experimental  dogs 
as  they  are  brought  to  higher  altitudes,  the  water  diuresis  shows  an  in¬ 
itial  rise  in  the  ascent  (2000-4  altitude),  but  subsequently,  when  the 
higher  altitude  is  reached,  its  rate  shows  no  substantial  difference 
from  the  figures  observed  under  lowland  conditions.  We  observed  quite 
another  pattern  in  the  changes  of  the  dense-ro'- 1  doo  content  in  the  urine 
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jin  continuous  and  water  diuresis  at  the  different  altitudes.  In  thi;: 
case,  we  observe  a  direct  relationship  between  altitude  of  ascent  and 
the  concentration  of  the  dense  urine  residue,  with  higher  perceritage 
contents  of  dense  substances  In  the  urine  at  hlgner  altitudes.  Determin¬ 
ation  of  the  dense-resldue  content  of  the  urine  In  continuous  urine  ex¬ 
cretion  showed  a  substantial  drop  on  ascent  to  an  altitude  of  2000  m, 
|and,  subsequently,  on  ascending  to  3200  m,  a  rise  In  this  Index,  al- 
|though  it  falls  far  short  of  the  percentage  content  of  dense  residue 

)  observed  under  the  conditions  of  Kiev. 

A  study  of  the  state  of  water  metabolism  In  the  experimental  dogs 
junder  mountain  conditions,  which  we  made  by  determining  the  total  quan- 
jtlty  of  water  In  the  organism  (antipyrlne  method)  and  determining  the 
I  blood  Indicators  (hemoglobin,  dry  blood  serum  residue,  etc.)  together 
I  with  the  weight  of  the  dogs.  Indicated  that  a  marked  depression  has  oc¬ 
curred  at  3200  m.  As  COTipared  with  control  experiments  run  at  Kiev,  the 
I  dog  organism  contains  a  smaller  amount  of  water  with  a  higher  percentage 
.  of  dry  substances  In  j  blood  serum  under  the  conditions  of  the  3200-m 
I  altitude,  despite  the  fact  that  water  was  not  rationed.  Thus,  for  Fan- 

j  tera,  the  total  quantity  of  water  In  the  organism  dropped  by  llj^  as  a 

I 

,  result  of  a  10-day  sojourn  at  the  3200-m  altitude.  Similar  data  were  ob¬ 
tained  in  experiments  on  Dzhlna  and  Taksa. 

No  such  dehydration  of  the  organism  was  observed  at  the  2000-m  al- 
itltude;  on  the  contrary,  there  was  even  a  certain  amount  of  hydration 
as  compared  with  the  figures  obtained  In  Kiev.  These  data  are  sufficient 
to  account  for  the  changes  observed  In  the  kidney  hemopoietic  function 
under  mountain  conditions,  as  fellows;  the  progressive  Increase  in  spon¬ 
taneous  diuresis  with  the  ascent  Into  the  mountains  Is  necessary  for  ex¬ 
cretion  of  salts  from  the  organism,  since  their  concentration  has  In¬ 
creased  as  a  result  of  loss  of  water  at  3200  m.  Thus,  the  spontaneous 
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diuresis  observed  under  mountain  conditions  may  be  regarded  basically 
as  a  saline  ditiresls  ttmt  wilntalns  the  organism's  Internal  medium  con¬ 
stant.  The  lom^leirel^ mater  dlureala  observed  at  3200  m  Is  accounted 
for  by  the  fact  that  a  certain  amount  of  the  water  taken  in  by  the  dogs 
is  held  in  the  (Mrganiem  because  of  a  certain  shortage  In  the  organism 
at  this  altlt^ide. 

Ve  draw  the  following  conclusions  on  the  basis  of  the  data  ob¬ 
tained:  * 

1.  A  relati<m8liip  has  been  established  between  the  uropoletlc  func¬ 
tion  of  the'  kldbieys  and  the  altitude  of  ascent . 

2.  ^ere  is  m  direct  relationship  oetween  the  level  of  continuous 
( spontaneous)  ti^ilvesis  and  the  altitude  to  which  the  animals  are  taken. 
At  the  2000>^if  Altitude,  the  level  ot  uropoiesis  in  the  dogs  was  higher 
than  under  lowland  eonditicms  and  lower  than  at  the  3200-m  altitude. 

3.  The  water  diuresis  increases  with  the  ascent  to  the  2000- ro  al¬ 
titude  and"a^se<|uently  dr^s  to  the  values  observed  at  Kiev  and  even 
lower  as  the  Animal  is  brought  up  to  3200  m. 

4.  The  concentration  of  dense  substances  in  the  urine  with  ascent 
to  altitude  increases,  although  the  values  in  spontaneous  diuresis  are 
lower  than  under  lowland  conditions. 

3.  The  chMige  in  the  kidney  uropoletlc  function  is  a  oonsequence 
of  the  organism's  water-balance  dynamics  under  the  conditions  of  the 
high  mountains  and  has  the  purpose  of  holding  the  organism's  Internal 
medium  constant. 


j 

i 

I 

j  NEUROHUMORAL  SHIFTS  IN  THE  BLOOD  OP  ANIMALS  UNDER  MOUNTAIN  CONDITIONS 

i  O.I.  Kullk 

1 

j  (Kiev) 

I  It  has  been  established  by  a  number  of  investigators  that  in  hypox- 
Ha  developed  either  in  an  "ascent”  in  a  hypobaric  chamber  or  under  moun- 

I 

{tain  condiuions  we  observe  changes  in  the  activity  of  the  nervous  sys- 
Item  (N.N.  Sirotlnin,  19^9;  A.Z.  Kolchinskaya,  195^;  A.V.  Lifshits,  19^9; 

lo.y,  Altukhov,  1955*  and  others).  At  the  present  time,  a  large  amount 

I 

iof  material  has  been  accumulated  attesting  to  the  intimate  relationship 
|between  the  functional  state  of  the  nervous  system  and  the  relationships 
amoung  the  neurohumoral  substances  in  the  blood. 

I  The  studies  of  W.  Cannon  (1936),  K.M.  Bykov  (1937) i  I.P.  Razenkov 
I (1937),  A.V.  Kibyakov  (1936),  D.Ye.  A1 'pern  (19^4),  Kh.S.  Koshtoyanets 
j(l950)  and  others  have  established  that  when  the  nervous  system  Is  ex- 
j cited,  humoral  substances  accumulate  In  the  blood  and  transmit  the  ner- 
]vous  excitation  In  the  central  and  peripheral  divisions  of  the  nervous 
system. 

Despite  the  large  number  of  studies  that  have  been  devoted  to 
changes  in  the  central  nervous  system  during  hypoxia,  the  question  as  to 
neurohumoral  shifts  in  the  organism  during  oxygen  insufficiency  has  been 
Illuminated  only  to  a  very  minor  degree.  References  to  the  accumulation 
of  biologically  active  substances  In  the  blood  during  hypoxia  can  be 
■found  In  D.Ye.Al'pern  and  Ye.N.  Berger  (1943)  and  In  V.S.  Raltses  (1954). 
The  latter  author  determined  the  content  ol  biologically  active  sub¬ 


stances  In  the  blood  during  transitory  hypoxia  Induced  In  wilmals  by  In- 
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splratlon  of  air  with  a  subnormal  oxygen  content.  During  the  hypoxia, 
the  blood  of  the  animals  had  an  exciting  effect  on  an  isolated  frog 
heart  and  Reduced  an  increase  in  blood  pressure  in  cats  and  dogs  that 
had  been  smaitlsed  with  cocaine.  Accumulation  of  acetylcholine  was  not 
observed  In  experlBenta  run  on  the  dorsal  muscle  of  a  ^eech.  On  the 
basis  of  the  data  obtained,  the  author  suggests  that  biologically  ac¬ 
tive  subatances  of  a  sympathicotropic  type  accumulate  in  the  blood  dur- 

Our  observations  toward  study  of  neuro- 
huaoral  shifts  in  the  blood  of  the  experimen¬ 
tal  animals  were  conducted  under  natural 
mbun tain- hypoxia  conditions  during  an  El'- 
brus  ei^dition  of  the  Physiology  Institute 
of  the  Academy  of  Sciences  Ukrainian  SSR 
headed  by  Acting  Member  of  the  Academy  of 
Medical  Sciences  USSR  N.N.  Slrotinin.  Vari¬ 
ous  animals  were  used  in  tho  experiment 
(dogs,  turkeys,  geese). 

To  characterize  the  neurohumoral  shifts, 
we  determined  the  inotropic  activity  of  the 
blood  serum  cm  a  Straub- Isolated  frog  heart  and  the  blood  cholinester¬ 
ase  by  Scheiner's  biological  method.  The  studies  were  made  under  dynam¬ 
ic  conditiMis  at  various  altitudes  above  sea  level;  Kiev  (96  m),  Ter- 
skol  (2000  n),  Movyy  Krugozor  (2900  m)  and  Ledovaya  baza  (3900  m) . 

The  experiments  carried  out  indicated  that  the  inotropic  and  cho¬ 
linesterase  activity  of  the  blood  undergoes  phasic  variations  in  hypox¬ 
ia. 

Thus,  the  inotropic  activity  of  the  animals*  blood  serum  (Table  1) 
increases  sharply  on  ascent  to  the  2000-m  altitude  and  is  maintained 


ing  short-term  hg^xla*. 
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Changes  in,  inotropic 
activity  or  blood  ser¬ 
um  under  eonditiocs  of 
hypoxia.  1;  Dog  Lera; 
2)  dog  Zita;  3)  dog 
Dzhek;  4)  turkey. 
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at  a  rather  high  level  at  the  2900-n  altitude.  When  the  animals;  were 
taken  up  to  Ledovaya  baza  (3900  m) ,  the  Inotropic  activity  of  the  blood 
serum  diminished  (see  Figure),  and  did  so  more  distinctly  In  the  dog:: 
than  In  the  birds. 

The  shifts  In  blood  cholinesterase  activity  were  of  a  similar  na¬ 
ture  (Table  2) . 

The  most  significant  rise  In  blood  cholinesterase  activity  was  no¬ 
ted  at  an  altitude  of  2900  m.  Thus,  the  cholinesterase  activity  rose  by 
2()^  (P  <  0.05)  In  dogs  brought  up  from  the  2000-m  altitude  to  2900  m. 
During  the  subsequent  ascent  to  Ledovaya  baza  (3900  m),  the  cholinester¬ 
ase  activity  dropped  by  175^  (P  <  0.05)  as  con^ared  to  the  activity  that 
It  had  shown  at  2000  m,  and  by  30^  with  reference  to  the  maximum  chol- 
I  Inesterase  activity,  which  had  been  observed  at  2900  m  of  altitude.  The 

I 

decrease  In  cholinesterase  activity  at  the  3900-m  altitude  was,  like  the 

I 

I  Inotropic  activity,  less  sharply  manifest  In  the  birds  than  In  the  dogs. 

Thus,  the  Investigations  carried  out  Indicated  that  in  hypoxia  ar¬ 
ising  under  mountain  conditions,  during  an  ascent  up  to  3900  m  above 
sea  level,  we  note  two  phases  In  the  accumulation  of  neurohumoral  sub¬ 
stances  In  the  blood.  The  first  phase,  that  observed  In  the  ascent  to 
2900  m  of  altitude.  Is  accompanied  by  Intensified  accumulation  of  neuro¬ 
humoral  blood  substances.  The  second  phase,  which  accompanies  ascent  to 
3900  m,  Is  characterized  by  a  decrease  In  the  neurohumoral  activity  of 
the  blood. 

As  has  been  shown  by  many  authors  (A.V.  Llf shits,  19^9;  A. 2.  Kol- 
chlnskaya,  195^;  O.V.  Altukhov,  1955;  N.A.  Agadzhanyan,  1956;  Ttol'me- 
zhak  and  Plan,  1951»  and  others),  we  note  three  phases  of  change  dur¬ 
ing  hypoxia  In  the  activity  of  the  central  nervous  system.  The  first, 
which  corresponds  to  altitudes  of  2000-3000  m,  is  characterized  by  an 
Intensltlf Icatlon  of  excitation  processes  in  the  central  nervcuc  system. 
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TABLB  1 


TABLE  2 


Inotropic  Activity  of 
Blood  Semm  at  Various 
Levels  of  Hypoxia 


Cholinesterase  Activity 
of  Blood  at  Various  Lev¬ 
els  of  Hypoxia 
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gozor«  *2900  m;  6)  Ledo- 
vaya  oasa,  3900  m;  7) 
do»;  8)  Lera;  9)  Oshek; 
10)  Zita;  11)  Chemush- 
ka;  12)  Tsygan:  13)  tur¬ 
key  Ko.  45;  14)  turkey 
No.  5139;  15)  goose  Ho. 
38;  lo)  goose  No.  35. 


1)  Animal;  2)  cholines¬ 
terase  activity  (in  fin¬ 
al  units);  3)  Kiev,  96m; 
4)  Terskol,  2000  m;  5) 
Novyy  Krugozor,  2900,  m, 

6)  Ledovava  baza,  3900  m, 

7)  dogs;  o)  Lera;  9) 
Dzhek;  1C)  Zita;  11 ) 
Chernushka;  12)  Tsygan; 
13)  turkey  No.  45;  l4) 
turkey  No.  5139;  15) 
goose  No.  38;  lo)  goose 
No.  35. 


At  moderate  degrees  of  hypoxia  (3000-5000  m),  we  note  a  drop  in  func¬ 
tional  activity  in  the  brain  and  the  development  of  protective  inhibi¬ 
tion.  Finally,  severe  degrees  of  hypoxia  (6000-7000  ra)  produce  diffuse 
Inhibition  in  the  cortex  and  a  hypnotic  state. 

On  C(»9>arison  of  our  observations  of  neurohumoral  shifts  in  hypox¬ 
ia  with  literature  data  on  changes  in  the  central  nervous  system,  it  is 
impossible  not  to  note  the  rather  strict  correlation  between  these  dis¬ 
turbances. 

In  all  probability,  the  change  in  the  functional  state  of  the  cen¬ 
tral  nervous  system  results  in  shifts  of  the  Indices  characterizing  the 
neurohumoral  activity  of  the  blood.  It  is  Interesting  that  in  birds, 
which  are  animals  with  a  less  highly  differentiated  nervous  system, 
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these  neurohumoral  shifts  are  less  distinct  than  they  are  in  dog 
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CHANGES  IN  ARTERIAL  PRESSURE,  CARDIAC  RHYTHM  AND  RESPIRATION  WITH 
NORMAL  AND  DEPRESSED  FUNCTIONING  OP  THE  THYROID  GLAND 
UNDER  MOUNTAIN  CONDITIONS 
M.I.  Imanallev 
(Frunze) 

The  adaptive  reactions  of  the  organism,  and  those  of  the  cardio¬ 
vascular  system  in  particular,  when  unaccustomed  mountain  factors  are 
In  operation  are  most  intimately  related  to  the  functional  st  te  of  the 
endocrine  glands,  which,  exerting  their  influence  on  the  metabolism, 
affect  the  working  conditions  for  all  of  the  organism's  organs  and 
systems. 

The  importance  of  the  thyroid  gland  in  its  various  functional 
states  for  regulation  of  the  hemodynamics  and  respiration  under  moun¬ 
tain  conditions  has  been  given  almost  no  experimental  study.  The  present 
paper  Is  devoted  to  the  problem  of  the  state  of  the  cardiovascular  sys¬ 
tem  and  respiration  in  animals  with  normal  and  hypofunctioning  of  the 
thyroid  gland  under  mountain  conditions. 

METHOD 

The  experimental  animals  were  88  dogs  of  both  sexes.  The  experi¬ 
ments  consisted  of  two  series;  a  first,  lowland  (Frunze)  series,  In 
which  44  dogs  were  used,  of  which  20  were  healthy  and  served  In  turn 
as  a  control  for  24  dogs  suffering  from  hyperthyroidism,  while  the 
second,  mountain  series  employed  44  unadapted  animals,  of  which  10  were 
healthy  and  3^  had  throld  hyperfunction. 

The  mountain  series  of  experiments  was  performed  at  the  highest 
point  on  Tyuya-Ashu  (altitude  3200  m  above  sea  level) .  Experimental 
thyroid  insufficiency  was  Induced  by  feeding  the  animals  with  6-methyl- 
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thlouracii  (6-Wru)  in  doses  figured  at  the  rate  of  50  ing  1  of 
live  weight  over  11-12  days.  Animals  that  had  been  conditioned  In  tris 
manner  at  Frunze  were  then  transferred  to  the  summit.  The  investigation 
was  made  under  the  conditions  of  acute  experiment  with  weak  thiopental 
narcosis.  The  thiopental  was  administered  Intraabdominally  in  a  dose 
figured  on  the  basis  of  0.3  m^  of  the  10%  solution  per  1  kg  of  live 
weight.  The  arterial  pressure  was  registered  in  the  femoral  artery  with 
a  damped  mercury  manometer,  and  respiration  with  a  Marey  capsule,  which 
was  connected  to  a  pneumograph  and  secured  to  the  animal’s  epigastric 
region. 

RESULTS  OP  EXPERIMENTS 

We  Judged  the  hypofunctioning  of  the  thyroid  gland  on  the  basis  of 
basal  metabolism  and  the  morphological  changes  in  the  gland. 


TABLE  1 

Comparative  Indices  of  Arterial  Pressure  and 
Respiratory  Frequency  in  Animals  with  Normal 
Functioning  of  the  Thyroid  Gland  and  Hypothy¬ 
roidism  under  Lowland  Conditions  (town  of 

Frunze) 
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1)  V-.rlatlonal-statistlcs  indicator;  arter¬ 
ial  pressure  (in  mm  Hg) ;  3)  control;  4)  exper¬ 
iment;  5)  respiration  (  per  minute);  6)  arith¬ 
metic  mean  and  its  standard  errors,  M  +  m;  7) 
root  mean  square  deviation,  o;  8)  conficence 
limits;  9)  difference  in  M;  10)  mean  error  of 
difference  t  for  P  =  0.05. 


Lowland  series  of  experiments.  Table  1  shows  comparative  data  for 
the  control  (healthy)  and  experimental  (thyroid  hyperfunction)  groups 
of  d''-gs  in  terms  of  their  arterial  pressure,  pulse  and  respiration  in- 


dices.  The  results  obtsiried  were  evaluated  by  the  method  of  variation¬ 
al  statistics. 

Table  1  does  not  present  comparative  data  on  the  pulse  rate,  rjlnce 
we  failed  to  establish  a  deflnltt  difference  between  the  figures  for 
the  control  and^ experimental  groups  of  dogs.  Thus,  In  the  first  group 
of  dogs  with  thyroid  hypofunctlon,  no  changes  In  the  cardiac  rhythm 
were  observed  under  the  conditions  of  acute  experiment,  while  an  Insig¬ 
nificant  slackening  was  noted  In  the  second  group. 

TABI£  2 

Comparative  Data  on  Arterial  Pressure,  Pulse 
frequency  and  Respiratory  Frequency  In  Healthy 
Anlstals  at  Frunze  and  at  the  Summit 


l)  Variational-statistics  Indicator;  2)  arterial  oressure  (in  mm  Hg); 

3)  pulse  (per  minute);  4)  respiration  (per  minute);  5)  Frunze;  6) 
Tyuya-Ashu;  7)  arithmetic  means  and  Its  standard  deviation,  M  +  ra;  8) 
root  mean  square  deviation,  a;  9)  confidence  limits;  10)  difference  In 
M;  11)  mean  error  of  difference  t  with  P  =  0.05. 

It  Is  evident  from  Table  1  that  there  Is  a  definite  difference  be¬ 
tween  the  control  and  experimental  groups  as  regards  the  number  of  res¬ 
piratory  motions.  While  the  number  of  respiratory  motions  averages  15  + 
+1.3  per  minute  for  the  normal  dogs.  It  Is  18  +  I.5  In  the  dogs  with 
thyroid  hypofunctlon,  l.e.,  the  respiration  has  quickened  by  20$^  as 
compared  with  dogs  of  the  control  group.  Further,  the  experimental  dogs 
show  more  superficial  respiration,  with  smaller-amplitude  excursions  of 
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I  the  thoracoabdominal  wall. 

I  A  sharp  difference  between  the  experimental  and  healthy  groups  of 

I 

I 

j  dogs  was  noted  in  the  arterial  pressure  indices.  The  average  level  of 
arterial  pressure  in  the  20  healthy  dogs  was  13^  +  4.6  ram  Hg,  while  in 
the  24  dogs  with  depressed  thyroid  function  it  averaged  107  +  3.7  mm  Hg, 
l.e.,  was  255^  lower.  The  results  of  statistical  evaluation  indicate  that 
this  difference  is  significant. 

Having  obtained  preliminary  data  on  the  hemodynamic  and  respiratory 
state  of  the  healthy  and  the  dogs  with  thyroid  hypofunction  under  the 
conditions  of  Frunze,  we  decided  to  repeat  the  experiments  under  moun¬ 
tain  conditions. 

High-mountain  series  of  experiments  on  unadapted  dogs.  The  data  ob¬ 
tained  at  Frunze  on  the  normal  animals  and  animals  with  thyroid  hypo- 
function,  together  with  the  data  for  the  unadapted  (normal)  animals  un¬ 
der  mountain  conditions,  served  as  the  control  for  this  series  of  exper¬ 
iments. 

As  will  be  seen  from  Table  2,  the  normal  animals  respond  to  the 
combined  operation  of  high-mountain  factors  with  an  adaptive  Increase 
in  arterial  pressure  coupled  with  a  simultaneous  slackening  of  the  car¬ 
diac  tempo  and  a  quickening  of  respiration.  The  arterial  pressure  rose 
by  265^,  the  cardiac  tempo  dropped  by  and  the  respiratory  frequency 
rose  by  146^^  as  compared  with  lowland  animals.  These  changes  were  found 
to  be  significant  on  statistical  evaluation. 

A  totally  difference  picture  was  presented  by  the  arterial  pres¬ 
sure,  cardiac  tempo  and  respiration  Indices  for  dogs  with  experimental 
thyroid  insufficiency  when  they  were  transferred  into  the  mountains. 

Table  3  presents  comparative  data  obtained  on  the  two  groups  of 
dogs  with  thyroid  hypofunction  —  at  Frunze  and  at  the  summit  of  Tyuya- 
Ashu . 
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TABLE  3 

CoBj^arfttive  Data  for  Arterial  Pressure,  Pulse 
Frequency  and  Respiratory  Frequency  In  Dogs 
ulth  nqrrold  ^nPoTunction  under  Lowland  and 
Mountain  Conditions 
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As  will  be  seen  from  Table  3,  animals  with  thyroid  hypof unction  re¬ 
spond  to  the  climatic  factors  of  the  high  mountains  with, reactions  on 
the  part  of  the  cardiovascular  and  respiratory  systems  that  are  weaker 
than  those  of  intact  animals,  ^us,  the  average  arterial  pressure  figure 
for  the  experimental  animals  under  lowland  conditions  was  107  +  3.7  mm 
Hg,  while  in  the  mountains  it  was  100  +  3.7mmHgor7nimHg  lower.  The 
cardiac  rhythm  and  respiration  were  slightly  accelerated. 

On  the  basis  of  the  results  of  the  experiments  conducted,  we  arrive 
at  the  conclusion  that  feeding  the  animals  a  thyroid-function  blocking 
agent  under  lowland  conditions  results  in  a  decrease  In  arterial  pressure 
without  any  particular  changes  in  cardiac  activity,  and  in  an  Insignifi¬ 
cant  quickening  and  aiqplltude  decrease  of  the  respiratory  movements. 

In  contrast  to  the  healthy  group  of  dogs,  animals  with  thyroid  hy- 
perfunctlon  do  not  respond  with  an  adaptive  arterial  pressure  Increase 
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to  the  complex  disturbance  presented  by  the  mountain  environment;  on 
the  contrary,  they  undergo  a  certain  decrease  in  arterial  pressure  with 
a  simultaneous  Insignificant  quickening  of  the  pulse  and  respiration. 

As  we  know,  the  arterial  pressure  level  depends  on  the  systolic 
volume  of  the  heart,  the  tone  of  the  blood  vessels,  the  total  volume  of 
circulating  blood  and  the  rate  and  depth  of  respiration.  In  Its  turn, 
each  of  these  factors  Is  subject  to  physiological  fluctuations  and  de¬ 
pends  on  a  whole  series  of  conditions.  For  example,  thyroid  hypofunc- 
tlon,  which  gives  rise  to  profound  changes  In  the  metabolism.  Influences 
the  work  of  the  cardiovascular  and  respiratory  systems  and  determines 
their  reactivity  with  respect  to  unusual  factors  In  the  environment.  It 
Is  also  known  that  pharmacological  Intervention  with  thyreostatlc  agents 
Is  not  limited  to  the  thyroid  gland  alone:  working  through  the  thyroid 
gland.  It  affects  the  functional  state  of  the  pituitary- adrenal  system, 
which.  In  turn,  finds  Its  reflection  in  the  level  and  responsiveness  of 
arterial  pressure  and  respiration.  For  this  reason,  we  suggest  that  an¬ 
imals  with  thyroid  hyperfunctlor,  which  have  a  metabolic  level,  do  not 
experience  oxygen  starvation  on  transfer  Into  the  unaccustomed  mountain 
environment,  and  do  not  require  an  Increased  oxygen  supply  to  the  tis¬ 
sues,  with  the  result  that  they  do  not  come  under  strain  and  do  not  mo¬ 
bilize  the  activity  of  the  cardiovascular  and  respiratory  systems.  They 
have  no  need  to  do  so,  since  the  amount  of  oxygen  available  In  the  moun¬ 
tain  environment  fully  covers  the  demands  being  made  by  the  organism. 

This  position  finds  confirmations  In  the  work  of  N.N.  Slrotlnln, 
K.M.  Bykov,  Cannon,  M.M.  Pavlov,  A.D.  Slonlm,  R.P.  Ol'nyanskoy,  Gell'- 
gorn  and  others. 

CONCLUSIONS 

1.  A  drop  In  arterial  pressure  takes  place  in  thyroid  hypofunctlon 
under  both  lowland  and  mountain  conditions. 
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2.  Anlnftls  witti  thyroid  ^Qrpofunotlon  are  less  responsive  to  the 
operation  of  factors  encountered  in  the  nountains. 
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INFLUENCE  OF  VITAMINS  ON  TOE  FUNCTIONAL  STATE  OP  THE  ADRENAL  CORTEX  IN 
LOCAL  INHABITANTS  OP  THE  EASl'ERN  PAMIR  (ALTITUDE  3700  m  ABOVE  SEA  LEVEL) 

V.M.  Braginskiy  and  M.M.  Mirzoyev 
(Dushanbe) 

The  central  nervous  system  (Petrov,  Sirotinin)  and  the  pituitary- 
adrenal  system  are  major  factors  in  the  process  of  acclimatization  to 
hypoxic  conditions.  Ye.V.  Kolpakov  and  N.V.  Lauer  have  shown  that  hypo- 
physectony  results  in  an  increased  tolerance  for  hypoxia.  Removal  of  the 
suprarenal  glands  sharply  reduces  the  tolerance.  Administration  of  adren¬ 
al-cortex  extract  Increases  stability  against  hypoxia  not  only  in  adren- 
alectomized  animals,  but  also  in  Intact  specimens.  In  extreme  hypoxia, 
the  hyperfunctioning  of  the  suprarenals  may  be  so  significant  that  the 
weight  of  the  gland  Increases  by  30-405^  of  the  initial  value.  In  protrac¬ 
ted  and  acutely  manifest  hypoxia,  this  hypertrophy  may  be  supplanted  by 
atrophy.  It  has  been  established  by  a  number  of  investigators  that  ex¬ 
haustion  of  the  adrenal  cortex  takes  place  only  in  the  initial  period, 
and  then  its  activity  returns  to  normal.  G.L,  Mednlk,  O.G.  Lorents, 

B.M.  Braginskl  and  A.G.  Glushchenko  showed  that  this  so-called  ’’initial 
period"  is  rather  long  in  duration.  Over  ^0^  of  persons  examined  after 
living  at  altitudes  of  3700-4300  m  above  sea  level  for  6  months  to  three 
years  showed  negative  Thorn's  tests. 

The  present  communication  presents  data  concerning  the  functioning 
state  of  the  adrenal  cortex  in  local  inhabitants  of  Eastern  Pamir  who 
are  residents  at  an  altitude  of  3700  m  above  sea  level. 

The  urine  was  observed  to  contain  3  basic  steroid  groups,  which  may 


be  taken  as  characterizing  the  synthetic  and  secretory  activity  of  the 
adrenal  cortex,  to  wit:  corticosteroids  of  the  17-hydroxycorticocteronf- 
type,  modified;  partly  modified  corticosteroids  still  retaining,  how- 

f 

ever,  the  pregnane  structure;  and,  finally,  17-ketosteroids,  which  re¬ 
present  conversion  products  of  the  suprarenal  cortex  androgenic  function, 
corticosteroids  and  the  androgenic  hormones  of  the  testicles. 

In  females,  the  17-ketosterolds  are  formed  almost  completely  from 
compounds  synthesized  by  the  adrenal  glands,  while  In  males  2/3  of  them 
are  formed  at  the  expense  of  testicular  steroids.  As  a  consequence,  de¬ 
termining  the  amount  of  17-ketosterolds  excreted  with  the  urine  gives 
a  conception  of  the  functional  state  of  the  adrenal  cortex,  if  only  an 
approximate  one. 

We  determined  the  total  content  of  17-ketosterolds  In  the  daily 
urine  by  the  Uvarovskaya  method  (using  the  Zimmerman  reaction  with  meta- 
dlnltrobenzene) .  Since  the  dally  variations  In  the  excretion  of  17-keto- 
sterolds  with  the  urine  may  be  quite  considerable  In  certain  individuals, 
the  arithmetic  mean  obtained  from  determinations  of  the  17-ketosteroids 
In  the  dally  urine  over  a  3-day  period  was  taken  as  the  Initial  rate. 

The  subjects  were  2  groups  of  people:  the  1st  group  was  composed 
of  30  practically  healthy  individuals  living  under  the  same  conditions 
of  work,  domicile  and  diet  (to  exclude  the  Influence  of  the  later  fac¬ 
tors  on  the  functional  state  of  the  suprarenal  cortex)  and  In  residence 
at  an  altitude  of  1100  m  above  sea  level.  This  group  of  individuals  was 
the  control  group.  The  2nd  group  was  composed  of  40  practically  healthy 
Individuals  also  under  uniform  conditions  as  enumerated  above,  but  in 
permanent  nontraveling  residence  at  altitudes  of  3700-4300  m  above  sea 
level.  Since  the  excretion  of  17-ketosterolds  with  the  urine  varies 
over  the  course  of  the  year,  these  two  groups  of  individuals  were  stud¬ 
ied  In  August  of  i960  and  August  of  196I.  The  age  of  individuals  in  the 
Ist  group  ranged  from  20-22,  and  that  of  Individuals  in  the  2nd  group 
from  16-20  years,  with  only  4  persons  aged  I6.  The  literature  contains 
references  to  maximum  excretion  of  17-ketosterolds  with  the  urine  at 
ages  from  20-25  years. 
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Most  authors  agree  that  under  normal  conditions,  12-19  mg  of  17- 
ketosteroids  are  excreted  In  the  urine  of  males  and  9-12  mg  in  that  of 
females,  although  some  of  them  state  the  norm  for  men  as  4.3-14.2  mg 

land  for  women  as  4.5-12,9  mg.  Some  authors  place  the  norm  for  men  at 

I 

j8-l4  mg  and  that  for  women  at  5-10  mg.  The  difference  would  appear  to 
i  be  a  function  of  age  differences  among  the  persons  studied  and  the  time 
I  of  year  (seasonal  factor).  The  results  of  the  studies  that  we  made  are 
{shown  in  the  figure. 

As  will  be  seen  from  the  data  presented,  the  average  content  of 
17-ketosterclda  in  the  dally  urine  was  10.1  +  1.1  mg  in  individuals  of 
the  1st  group  and  8.0  +  0.4  mg  in  the  2nd  group  (statistically  slgnlfl- 
jcant  difference  —  P  less  than  O.OOl).  The  first  group  comprised  4  women, 
awhile  the  second  Included  3.  No  particular  difference  was  noted  in  the 
ketosterold  excretion  figures  for  these  individuals  (statistically  In¬ 
significant  difference) . 

Thus,  among  local  inhabitants  of  Eastern  Pamir,  the  dally  excretion 
of  17-ketosterolds  with  the  urine  is  20$^  below  the  figure  for  the  con¬ 
trol  group.  If  we  take  into  account  that  the  excretion  of  17-ketoster¬ 
olds  with  the  urine  rises  in  winter  and  that  the  temperature  at  the 
3700  m  altitude  is  lower  in  August  than  at  the  same  time  of  year  at 
1100  .ii  above  sea  level,  then  the  difference  in  the  amount  of  17-ketoster¬ 
olds  excreted  with  the  urine  becomes  more  pronounced. 

The  depression  of  the  suprarenal  cortex  functional  state  under  the 
conditions  of  mountain  hypoxia  is  similar  to  that  observed  in  the  hypox¬ 
ia  of  patients  with  injury  to  the  respiratory  organs  and  with  heart  de¬ 
fects  (Danllyak,  Shul'tsev  and  others).  Our  data  are  also  supported  by 
the  fact  that  the  total  cholesterol  content  in  the  blood  of  Inhabitants 
of  the  Eastern  Pamir  is  higher  than  that  of  the  control.  According  to 
literature  data,  the  latter  may  serve  as  an  index  to  the  decrease  in 


-  621 


GRHHCMtr 

HEPRODIICIBIE 


Influence  of  vitamins  on  excretion  of  17-ketosteroids  with  the  lorine. 
Dark  bars  represent  control  group  of  Individuals;  open  bars  represent 
lifelong  inhabitants  of  Eastern  Pamir.  A)  mg;  B)  start;  C)  administra¬ 
tion  of  vitamin  B2;  B)  administration  of  vitamin  E;  E)  administration 

of  biotin;  P)  administration  of  folic  acid. 


adrenal  cortex  function. 

It  was  also  regarded  as  interesting  to  study  the  Influence  of  vita¬ 
mins  on  the  functional  state  of  the  cortex  with  the  purpose  of  using 
them  eventually  to  improve  acclimatization.  The  literature  data  on  this 
matter  are  sparse.  There  are  references  to  the  Influence  of  vitamin  C 
and  pantothenic  acid.  It  has  been  shown  (Arutyunov  and  Yarusov,  Klimov, 
Bakkhus  et  al.)  that  in  vitamin  C  deficiency  there  is  at  first  observed 
an  Increase  in  the  excretion  of  17-ketosteroid8  with  the  urine  as  a  re¬ 
sult  of  corticosteroid  decomposition,  and  that  this  is  followed  by  a 
decrease  in  their  excretion. 

We  administered  large,  but  within  the  pharmacopoeia,  doses  of  rib¬ 
oflavin  —  50  mg  per  day  taken  Internally  —  to  groups  1  and  2.  The  data 
are  presented  in  Figure  1.  As  will  be  seen  from  this  figure,  a  single 
administration  of  riboflavin  resulted  in  a  small,  statistically  uncer- 
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tain  (P  greater  than  O.l)  Increase  in  the  excretion  of  17-ketosterojo:: 
with  the  urine  in  the  control  group.  Among  the  local  inhabitants  of  Eas¬ 
tern  Pamir,  a  single  dose  of  riboflavin  produced  a  statistically  re¬ 
liable  (P  less  than  O.Ol)  decrease  in  the  excretion  of  these  subctancer;. 
Intake  of  riboflavin  over  7  days  sharply  reduced  the  excretion  of  1/- 
ketosterolds  with  the  urine.  It  is  interesting  to  note  that  this  dose 
of  riboflavin  did  not  affect  the  total  amount  of  cholesterol  in  the 
blood.  This  may  provide  a  certain  Justification  for  the  statement  that 
riboflavin  does  not  depress  the  functioning  of  the  adrenal  glands,  but 
reduces  the  amount  of  corticosteroids  decomposed  to  17-ketosteroids, 
as  is  also  suggested  by  the  decreased  excretion  of  chlorides  with  the 
urine  during  riboflavin  treatment  —  and  effect  that  can  be  related  to 
Increased  generation  of  aldosterone. 

Vitamin  E  was  administered  Internally  in  100  mg  doses.  In  both 
groups  1  and  2,  single- shot  and  week-long  Intake  of  vitamin  E  produced 
a  statistically  reliable  Increase  in  the  excretion  of  17-ketosterolds 
with  the  urine  (Fig,  l).  Other  investigators  have  also  obtained  similar 
results.  A  direct  relationship  between  the  administration  of  vitamin  E 
and  the  functional  state  of  the  adrenal  cortex  is  indicated.  Vitamin  E 
increases  the  excretion  of  17-ketosteroldc  with  the  urine.  It  has  been 
established  that  the  degenerative  changes  that  take  place  in  the  adre.  .1 
glands  of  animals  under  hypoxic  conditions  are  reduced  when  the  animals 
are  given  vitamin  E. 

Under  the  influence  of  500  7  of  biotin  (taken  Internally  each  day), 
a  (statistically  reliable)  Increase  in  the  excretion  of  17-ketosteroids 
with  the  urine  takes  place,  together  with  a  drecrease  in  the  excretion 
of  cnlorides  (see  Figure),  which  suggests  a  stimulating  effect  of  biotin 
on  the  functional  state  of  the  adrenal  cortices. 

We  also  administered  folic  acid.  It  was  found  that  daily  intake  of 
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30  mg  of  folic  acid  (internally)  resulted  In  a  decrea::e  In  thie  arnou.'it 
of  17-ket08t€-rolds  excreted  with  the  urine  and  an  increase  In  the  exere- 
tlon  of  chlorides  in  local  Inhabitants  of  Eastern  Pamir.  Since  there  i;; 
a  close  functional  relationship  between  folic  acid  and  vitamin  C  (for¬ 
mation  of  follnlc  from  folic  acid  takes  place  with  participation  of 
vitamin  C),  it  can  be  assumed  that  folic  acid  binds  nart  of  the  ascor¬ 
bic  acid  and  that  the  deficiency  of  the  latter  that  one  of  us  detected 
in  local  inhabitants  of  this  mountainous  area  (Braginskiy,  1962)  is 
aggravated,  and  that  this  is  also  manifested  in  depression  of  the  adren¬ 
al  cortex  functional  state. 

Thus,  large  but  pharmacologically  admissible  doses  of  riboflavin, 
vitamin  E  and  biotin  enhance  the  functional  state  of  the  adrenal  cortex 
in  local  mountain  inhabitants;  intake  of  folic  acid  depresses  the  func¬ 
tional  state  of  the  suprarenal  cortex. 
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INPLUF.NCE  OF  HYPOXIA  UNLiR  MOUNTAIN  CONDITIONS  ON  DOGS 

WITH  ECK- PAVLOV  FISTULA 
Ye.V.  Kolpakov  and  N.M.  Shumitskaya 

(Kiev) 

As  we  know,  the  liver  plays  the  leading  role  in  the  physiology  of 
the  liquid  p-rt  of  the  blood:  it  is  the  site  of  formation  of  the  plas¬ 
ma  proteins  fibrinogen  (Forster,  Whipple,  1922),  prothrombin  (Smith, 
Warner,  1938),  albumin  and  globulin  (Kerr,  Gurvlts,  Whipple,  191c; 

Kapran,  1937;  Madden  and  Whipple,  19^0;  Lauer,  Kolpakov,  Roytrub  (1981) 
and  hemoglobin  (Whipple,  Robshayt-Robblns  and  Hawkins,  19^5),  as  well 
as  protein-type  blood-coagulation  plasma  factors:  convertln,  proconver¬ 
tin,  accelerln,  proaccelerln,  and  antihemophilia  globulin  (presented 
after  the  raonograph  of  Bellk  and  Khodoi'ova,  1957). 

The  liver  also  takes  a  significant  part  In  the  formation  of  the 
formed  elements  of  the  blood,  particularly  In  the  embryonal  stage  and, 
according  to  certain  sources  (Mori,  Takahashl,  1936;  Hlrayoke,  Yanosuke, 
1936;  Mlto  Chuyo,  1937;  Chernyaev,  193c;  Kumode,  i960)  even  In  the  post- 
embryonal  period,  and  also  In  the  resorption  of  dead  or  exhausted  blood 
corpuscles  (Slrotlnln,  1936;  Erenshteyn  and  Lokner,  1959).  The  liver  is 
also  of  enormous  Importance  In  hemodynamics  (as  a  blood  depot,  etc.)- 

In  the  light  of  the  above,  it  was  felt  Interesting  to  study  the  man¬ 
ner  In  which  the  morphological  composition  of  the  peripheral  blood  var¬ 
ies  In  animals  both  under  the  conditions  of  liver- funct ion  disturbance 
and  In  connection  with  the  over-all  complex  of  disturbances  that  arise 
at  this  time  In  the  activity  of  the  organism  (Domarus,  I9O6;  Nassau, 
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191^;  Gorev,  1937;  Chernyaeva,  19 3^;  Kolpakov,  Lauur,  Ozadovr.kaya, 

1953). 

An  extremely  Interesting  matter,  and  one  that  has  been  given  al¬ 
most  no  study  (Chernyaeva,  1933)  was  found  in  the  discovery  of  adaptive 
capabilities  in  the  organisms  of  dogs  with  experimental  hypoxic  insuf¬ 
ficiency,  and.  In  particular,  to  the  conditions  of  oxygen  insufficiency, 
such  as  may  be  observed  In  one  degree  or  another  in  the  life  of  man  as 
well,  when  he  goes  up  Into  the  mountains  as  a  climber,  a  skier  or  sim¬ 
ply  as  a  tourist. 

The  literature  Is  known  to  contain  statements  to  the  effect  that 
persons  suffering  from  liver  disease  are  advised  against  staying  in  the 
mountains  (Kollarlts;  Slrotlnln,  1939*  1953),  although  the  reason  for 
the  deterioration  In  the  state  of  liver  patients  has  not  been  clarified 
to  this  day. 

METHOD 

The  Eck-Pavlov  fistula  was  selected  as  a  classical  model  for  re¬ 
production  of  liver  Insufficiency  In  the  experiment.  This  model  Is  not 
only  of  considerable  theoretical  Interest  for  study  of  liver  pathology 
under  experimental  conditions,  but  It  Is  also  of  great  Importance  In 
clarifying  a  whole  series  of  problems  related  to  the  diagnosis  and  treat¬ 
ment  of  liver  disease  In  man. 

Data  was  collected  at  Kiev  (initial  data)  and  during  two  expedi¬ 
tions  to  El'brus  organized  by  the  A. A.  Bogomolets  Physiology  Institute 
of  the  Academy  of  Sciences  Ukrainian  SSR  In  i960  and  I961.  The  work  ex¬ 
tended  over  2.5  years  with  the  participation  and  under  the  supervision 
of  Prof.  Ye.V.  Kolpakov,  as  well  as  that  of  Active  Member  of  the  Acadeny 
of  Medical  Sciences  USSR  N.N.  Slrotlnln. 

It  was  the  purpose  of  the  present  Investigations  to  trace  consls- 
tancles  In  the  behavior  and  peripheral  blood-picture  changes  In  dogs 
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with  Eck-Pavlov  fistula  in  the  dynamics  of  hepatlc-inouff lclenc;y  devel¬ 
opment  of  normal  atmospherir  pressure  (at  Kiev),  and  to  ascertain  the 
nature  and  qualitative  features  of  the  hypoxia-adaptation  capabillt ie:; 
of  control  animals  and  those  of  the  dogs  with  Eck-Pavlov  fistula  and 
liver  insufficiency  of  variously  long  standing,  both  during  stepwise 
acclimatization  to  the  high-mountain  climate  (196I  expedition)  and  un¬ 
der  the  conditions  of  acute  hypoxia  without  preliminary  acclimatization 
of  the  animals  in  the  mountains  (i960  expedition). 

The  experiments  were  performed  on  I6  full-grown  mongrel  dogs,  most¬ 
ly  females  (14  females  out  of  the  I6),  aged  1-3  years,  and  weighing  6- 
15  kg.  In  advance  of  the  expedition  (by  20  days  to  27  months),  11  of 
the  dogs  were  operated  upon  to  produce  the  Eck-Pavlov  fistula,  while  5 
served  as  a  control.  All  of  the  experimental  animals  were  kept  on  a 
milk  and  vegetable  diet  during  the  observation  period. 

The  basic  technique  used  in  the  study  was  hematological  analysis 
of  the  peripheral  blood.  The  animals  were  studied  in  accordance  with  a 
definite  schedule:  twice  before  the  fistula  was  formed  (initial  data), 
and  thereafter,  beginning  of  the  21st  day  after  the  operation,  monthly 
for  2-27  months  right  up  to  the  start  of  the  El'brus  expedition. 

In  the  i960  expedition,  all  animals  (2  control  animals  and  6  with 
fistulas)  were  taken,  without  any  preliminary  acclimatization  to  the 
mountain  climate,  for  a  truckride  up  to  "Piket-105"  at  an  altitude  of 
3500  m  above  sea  level  (oxygen  partial  pressure  in  the  air  103  mm  Hg), 
where  they  were  examined  on  the  second  and  tenth  days. 

In  the  1961  expedition,  all  dogs  (3  controls  and  5  with  fistulas) 
were  examined  during  the  process  of  stepwise  adaptation  to  the  mountain 
climate:  and  the  second  and  seventh  days  of  residence  at  Terskole  on  a 
spur  of  El'brus  situated  at  an  altitude  of  2000  m  above  sea  level  (oxy¬ 
gen  partial  pressure  in  the  air  124  mmi  Hg),  on  the  fifth  day  of  resi¬ 
dence  at  Novyy  Krugozor  (altitude  3000  m  above  sea  level,  partial  oxy¬ 
gen  pressure  in  the  air  110  mm  Hg),  on  the  fifth  day  of  a  stay  at  "Piket- 
105"  (3500  m  above  sea  level,  oxygen  partial  pressure  in  the  air  103 
iTUT!  Hg)  and  on  the  fifth  day  of  residence  at  Ledovaya  baza  (3700  m  above 
sea  level,  oxygen  partial  pressure  in  the  air  100  mm.  Hg) . 

After  the  return  to  Kiev,  all  of  the  dogs  were  examined  once  a 
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month  at  normal  atmospheric  pressure  for  four  months  with  the  object 
of  ascertaining  the  persistence  features  of  the  mountain-climate  accli¬ 
matization  mechanisms  in  the  control  and  experimental  animals. 

EXPERIMENTAL  RESULTS 

A  progressive  and  distinctly  manifest  development  of  mechanisms 
for  acclimatization  to  the  mountain  climate  is  observed  in  the  control 
dogs  during  progressive  accllmatlzatlcn  to  this  climate  as  the  ozygen 
partial  pressure  in  the  Inspired  air  diminishes,  and  as  a  result  of  in¬ 
creasing  time  of  residence  under  the  conditions  of  oxygen  insufficiency. 
The  percentage  content  of  hemoglobin  in  the  blood  Increases,  the  number 
of  erythrocytes  becomes  significantly  larger  'reaching  its  maximum  at 
Ledovaya  baza  at  an  altitude  of  3700  m  above  sea  level,  on  the  22nd  day 
of  Che  sojourn  in  the  mountains);  accordingly,  we  observe  a  progressive 
rise  in  the  number  of  reticulocytes,  with  the  appearance  of  an  Increased 
number  of  the  younger  maturing  stages  (ill);  the  body  weight  of  the  ani¬ 
mals  also  Increases,  indicating  that  they  feel  good.  After  the  return  to 
Kiev,  the  mechanisms  of  acclimatization  to  hypoxia  persist  for  another 
two  to  three  months. 

With  the  development  of  oxygen  starvation  in  the  mountains,  the 
dogs  with  fistulas  did  not  tolerate  hypoxia  as  well  as  the  control  ani¬ 
mals.  They  responded  with  a  minor  Increase  in  the  hemoglobin  percentage 
and  erythrocyte  count  in  the  peripheral  blood,  which  failed  to  reach  or 
slightly  exceeded  the  preexpedition  figures,  although  the  number  of  re¬ 
ticulocytes  Increased  significantly,  with  younger  maturing  otages  (II, 
III)  appearing  in  the  peripheral  blood  in  Increased  numbers.  The  low 
color  index,  which  did  not  even  reach  0.6  in  the  experimental  dogs  as 
compared  with  a  normal  value  of  0.7»  indicates  distinct  erythrocyte  hypo¬ 
chromia.  This  red-f ^od  reaction  to  the  mountains  in  the  flstulated  dog 
Pyatnashka  cannot  be  accounted  for  by  the  poor  condition  of  the  animal 
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(a  progressive  Increase  in  body  weight  (+9.85^)  was  observed  to  occur 
a  result  of  the  animal's  voracity,  while  the  other  four  flstulated  dof^s 
taken  with  the  expedition  showed  a  distinct  weight  loss  (by  12.5- 32. IJ^) 
as  compared  with  the  preexpedition  data  (Pig.  l)). 


Fig.  1.  Influence  of  stepwise  acclimatization  to  the  mountain  climate  or. 
the  red-blood  indices  of  a  dog  with  Eck- Pavlov  fistula.  (Pyatnashka, 
mongrel  female,  age  1  year,  weight  15.5  kg),  l)  Hemoglobin;  2)  erythro¬ 
cytes;  3)  reticulocytes;  color  index.  A;  Million;  B)  operation;  C) 
color  index;  D)  reticulocytes:  E)  hemoglobin;  P)  erythrocytes;  G)  I96I 
expedition;  H)  altitude,  m;  I)  days  of  sojourn;  J)  2nd,  7th,  5th,  5th, 
5th. 


After  the  return  to  Kiev,  the  acquired  red-blood  acclimatization 
mechanisms  were  retained  only  for  about  one  month,  and  then,  immediately 
following  a  considerable  increase  in  erythrocyte  count  concurrently  with 
a  progressive  drop  in  the  percentage  hemoglobin  content,  we  observed  dis¬ 
tinct  erythrocyte  hypochromia  (color  index  0.45),  which  gradually  went 
over  to  a  state  of  manifest  hypochromic  anemia. 

In  the  i960  expedition,  on  the  tenth  day  in  the  mountains,  control 
dogs  subject  to  acute  hypoxia  (the  altitude  was  3500  m  above  sea  level) 
without  preliminary  acclimatization  to  the  mountain  planet  showed,  after 
a  slight  decrease  in  the  hemoglobin  percentage  and  erythrocyte  count  on 
the  second  day  of  the  stay  in  the  mountains  due  to  the  abnormally  high 
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fragility  of  the  erythrocyter  (Uzhanr.kiy »  ,  a  rather  .  igriJ  ri  cant 

development  of  mechaninrao  for  acclimatization  to  the  mountain  climate 
(erythrocytes,  hemoglobin,  reticulocytes).  The  body  weight  of  the  clog- 
increased. 

A  month  after  the  return  to  Kiev,  however,  both  control  dog:;  were 
observed  not  to  maintain  the  acclimatization  mechanisms  on  the  high 
level  for  a  very  long  time,  as  was  recorded  in  the  I96I  expedition;  to 
the  contrary,  we  observed  a  distinct  drop  in  the  percentage  hemoglobin 
content,  erythrocyte  count,  reticulocyte  count  and  body  weight,  all  of 
this  indicating  an  unfavorable  effect  of  acute  hypoxia  without  prelimin¬ 
ary  acclimatization  to  the  mountain  climate,  even  for  the  organism  of 
the  control  animals. 


Pig.  2.  Influence  of  acute  hypoxia  and  stepwise  acclimatization  to  the 
mountain  climate  on  red-blood  Indices  of  dog  with  Eck-Pavlov  fistula 
(Bel’chlk,  a  mongrel  male,  aged  2.5  years,  weight  10  kg).  Legend  same 
as  in  Pig,  1.  A)  Million;  B)  color  index;  Cj  reticulocytes;  D)  hemoglo¬ 
bin;  E)  erythrocytes;  P)  i960  expedition;  0)  altitude;  H)  day  of  so¬ 
journ;  l)  2nd,  10th;  J)  I96I  expedition;  K)  2nd,  7th,  5th,  5th,  5th. 

Under  the  Tondltlons  of  acute  hypoxia  in  the  mountains,  the  dogs 
with  direct  Eck- .’’avlov  fistula  showed  poorer  tolerance  for  oxygen  star¬ 
vation  than  did  the  control  dogs  (Bel’chlk,  Fig.  2).  Basically,  the  red- 
blood  reaction  In  these  dogs  was  similar  in  nature,  but  the  degree  to 
which  the  hemoglobin  content  had  fallen  on  the  second  day  of  the  sojourn 


in  the  mountalnc  was  much  more  evident  than  in  the  control  dog;:.  The 
acclimatization  mechanisms  developed  were  also  very  feeble:  the  clog: 
Bel’chlk  with  his  16  months  of  post-operational  "experience"  responded 
to  acute  hypoxia  with  only  a  very  slight  Increase  in  erythrocyte  count 
and  percentage  hemoglobin  content,  and  the  latter  was  significantly 
lower  than  even  the  preexpedition  level.  Manifest  hypochromia  of  the 
erythrocytes  was  noted  (color  Index  O.56). 

The  peripheral  blood  of  both  the  control  and  the  experimental  ani¬ 
mals  (but  the  latter  to  a  much  sharper  degree)  showed  manifest  changes 
In  the  erythrocytes  and  leucocyte  formula  under  the  conditions  of  acute 
hypoxia  due  to  the  organism’s  Incipient  acclimatization  to  the  mountain 
climate:  the  blood  of  the  post- surgical  dogs  showed  a  consloerable  re¬ 
tardation  In  the  maturing  of  both  erythrocytes  and  leucocytes,  with  the 
delay  particularly  distinct  In  the  latter  case.  On  the  tenth  day  of  the 
sojourn  at  this  altitude,  a  significant  nuclear  shift  to  the  left  In  the 
neutrophilic  leucocytes  (0.23-0.40  instead  of  the  0.1  for  the  control 
dogs)  was  observed  In  the  flstulated  dogs.  Together  with  a  sharp  Increas 
In  the  number  of  stabnuclear  and  Immature  neutrophilic  leucocytes  in  the 
peripheral  blood,  occasional  bone-marrow  cells  —  metamyelocytes  and  even 
myelocytes  —  made  their  appearance. 

The  qualitative  changes  In  the  formed  elements  of  the  blood  were 
also  nonuniform;  while  regenerative  changes  predominated  In  the  control 
dogs,  they  were  also  accompanied  In  the  dogs  with  liver  Insufficiency  by 
sharply  manifest  alterative  changes  In  the  blood  cells  (erythrocytes, 
neutrophilic  leucocytes),  and  abortive  forms  of  cell  division  among  the 
lymphocytes  and  monocytes. 

A  month  after  the  return  to  Kiev,  both  the  control  animals  and,  to 
an  even  greater  degree,  the  flstulated  dogs  showed  decreases  In  all  of 
the  red-blood  Indices  and  In  body  rate.  During  the  ten  months  that  fol- 


lowed  (Bel'chlk),  the  dogs  with  liver  Insufficiency  did  Indeed  :;how  a 
progesslve,  very  slow  rise  In  the  h«eoglobln  and  erythrocyte  flgurer:, 
but  the  distinct  hypochroaia  of  the  erythrocytes  (the  color  Index  wau  ^ 

f 

0.42-0.47)  Indicated  a  clear  disturbance  to  the  hemoglobin- forming  func¬ 
tion  of  the  liver  In  dogs  with  Eck-Favlov  fistula. 

CONCLDSIONS 

1.  Switching  the  liver  out  of  the  portal  circulation  by  Introducing 
a  direct  Bek- Pavlov  fistula  In  dogs  affects  the  activity  of  the  entire 
organism  to  a  certain  degree  at  nornal  atmospheric  pressure.  This  oper¬ 
ation  also  has  an  influence  on  the  morphological  cony>osltlon  of  the 

<  peripheral  blood,  resulting  in  the  appearance  of  Indistinct  erythrocyte 
hypochromia  with  normal  erythrocyte  count  and  in  degenerative  leucocyte 
changes  In  most  dogs  within  2-13  months  after  the  fistula  has  been  in¬ 
troduced. 

2.  The  nature  and  extent  of  the  adaptive  capabilities  of  the  exper¬ 
imental  dogs  under  the  conditions  of  oxygen  starvation  depends  both  on 
the  extent  to  which  the  oxygen  partial  pressure  In  the  inspired  air  has 
been  reduced  as  a  consequence  of  an  Increase  In  altitude  and  prolonged 
residence  under  conditions  of  hypoxia  and  on  the  duration  of  the  post- 
operational  period. 

3.  The  post  surgical  and  control  dogs  showed  differing  response  re¬ 
actions  under  the  conditions  of  hypoxia.  Both  under  the  conditions  of 
progressive  acclimatization  to  hypoxia  and  to  an  even  greater  degree  In 
acute  hypoxia,  the  experimental  dogs  suffered  more  severely  than  the  con¬ 
trol  animals  from  the  oxygen  starvation,  apparently  because  of  a  disturb¬ 
ance  to  the  hemoglobin- forming  function  of  the  liver  in  these  animals 
when  they  were  moved  to  the  mountains. 

4.  In  dogs  with  liver  Insufficiency,  the  mechanisms  of  acclimatiza¬ 
tion  to  the  mountain  climate  went  Into  action  more  slowly  than  those  of 
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the  control  animals,  as  indicated  by  the  appearance  of  a  larger  riurf.t.er 
of  Immature  erythrocytes  in  the  blood,  a  more  pronounced  leftward  rift 
in  the  neutrophilic  leucocytes  and  insufficient  formation  of  hemogiotirj. 

5.  More  distinct  alterative  changes  in  the  erythrocytes  and  parti¬ 
cularly  among  the  leucocytes  observed  In  th  .  experimental  dogs  under  the 
conditions  of  acute  hypoxia  (3500  m  above  sea  level)  are  a  result  of  in¬ 
toxication  by  Incompletely  oxidized  nitrogen-metabolism  products  du'  to 
disturbance  to  the  antitoxic  function  of  the  liver,  which  is  intensified 
in  the  mountains  under  the  Influence  of  secondary  hypoxia  resulting  from 
Inadequate  production  of  hemoglobin. 

6.  The  investigations  that  we  made  on  dogs  with  direct  Eck-Pavlov 
fistula  under  the  conditions  of  hypoxia  indicate  significant  participa¬ 
tion  of  the  liver  in  the  hematogenetlc  processes  and  in  the  formation 
of  hemoglobin. 
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CHANGE  IN  THE  NUMBER  OF  EOSINOPHILS  WTDER  CONDITIONS 

OF  HIGH  ALTITUDE 

P.V.  Beloshltskiy  and  Lo  Sin '-Mao 
(Kiev) 

The  eoslnopenla  reaction  Is  widely  used  to  determine  the  function¬ 
al  capacity  of  the  hypophyseal -adrenal  system.  This  Indicator  Is  one  of 
the  most  prompt  and  constant,  not  only  where  ACTH  Is  administered  (the 
Thorn  test),  but  also  where  the  animal  organism  or  the  human  being  is 
subjected  to  various  stresses.  A  strLun  of  this  magnitude  and  variety 
was  represented  In  our  experiments  by  the  rarefied  atmosphere  of  a 
pressure  chamber,  and  by  conditions  of  high  altitude. 

It  should  be  noted  that  Z.I.  Malkina  (1931 )>  Shteubll  (1910,  1911)^ 
and  Kraandlyk  (1932)  have  already  studied  changes  In  the  eosinophil 
content  under  mountain  conditions.  The  above-mentioned  authors  did  not, 
however,  observe  distinct  fluctuations. 

Recently,  Frovll,  Thorn  and  co-authors  (1951 Koller  and  co-auth¬ 
ors  (195^) »  Bryuner  and  co-authors  (i960),  have  observed  a  diminution 
In  the  number  of  eosinophils  In  the  peripheral  blood  of  human  beings. 

In  an  Instance  where  these  people  have  ascended  to  a  higher  altitude. 
This  eoslnophll^number  change  clearly  Indicated  Intensified  functioning 
of  the  adrenal  cortices. 

Armstrong  and  Kheym  (1938)^  Dokhen  (19^2),  Lengll  and  Klark  (1942), 
Sandstrem  and  Michels  (1942),  Thorn  and  co-authors  (1942),  Gordon  and 
co-authors  (1943)#  Kheylmen  (1944),  Meydzhll  and  Marbarder  (1955)  have 
directed  attention  to  the  fact  that  there  Is  an  Increase  In  the  weight 
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of  the  adrenals  of  animals  that  have  lived  for  extended  periods  of  tirre 
under  conditions  of  a  rarefied  atmosphere. 

Evans  (193^)>  Louis,  Thorn  and  co-authors  (19^2),  Darov  and  Lare- 
Eon  (19^^)  reported  an  activation  of  the  adrenal  cortices  in  the  case 
of  animals  that  have  lived  for  extended  periods  under  conditions  of  a 
rarefied  atmosphere. 

In  the  investigations  that  we  have  undertaken,  we  have  used  the 
eosinopenia  reaction  as  the  indicator  of  functional  capacity  of  the 
adrenal  cortices.  The  blood  smears  were  stained  with  Khinkleman's  solu¬ 
tion;  the  count  was  conducted  in  a  Goryayev-Fuchs -Rosenthal  chamber.  In 
addition,  a  count  of  the  eosinophils  in  the  smear  was  undertaken  for 
control. 

At  first,  experiments  were  conducted  in  a  pressure  chamber.  Eosin¬ 
ophil  and  leucocyte  counts  were  made  for  each  of  12  guinea  pigs,  and 
the  air  pressure  in  the  altitude  chamber  was  reduced  to  I80  mm  Hg, 
which  resulted  in  the  incidence  of  cramps;  thereupon,  the  pressure  was 
raised  again  to  the  normal.  Eosinophil  and  leucocyte  counts  were  made 
immediately  after  the  experiment,  and  then  after  4,  19,  and  22  hours. 
Immediately  after  the  experiment,  in  10  Instances,  a  155^  increase  in 
the  number  of  eosinophils  was  recorded,  and  a  24^  Increase  in  the  num¬ 
ber  of  leucocytes.  After  4  hours,  the  number  of  eosinophils  was  down  by 
while  the  leucocyte  determination  Indicated  an  11^  Increase.  After 
18  hours,  there  was  a  13%  decrease  in  the  number  of  eosinophils  and  a 
h%  Increase  in  the  number  of  leucocytes.  After  22  hours  the  number  of 
eosinophils  was  down  7%. 

Investigations  were  also  undertaken  during  expeditions  to  El ’brus 
(1959^  1962),  and  were  conducted  under  the  leadership  of  N.N.  Slrotlnln, 
Active  Member  of  the  Academy  of  Medical  Sciences  of  the  USSR.  What  in 
particular  was  studied  was  the  change  in  the  eosinophil  count  as  in¬ 
fluenced  by  altitude,  and  the  character  of  the  Thorn  test. 

Shown  in  Table  are  the  results  of  a  count  of  the  number  of  eosino¬ 
phils  in  the  peripheral  blood  of  mice  at  various  altitudes  (1959)*  It 
was  established  that  with  an  Increasing  altitude  there  was  an  ever 
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TABI£  1 


HuiA>er  of  Eoalnophlls  In  t!ie  Blood  of  Mice  at 
Various  Altitudes  (Expedition  to  El'brus,  1959) 
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TABLE  2 

Number  of  Eosinophils  In  the  Blood  of  Human 
Beings  at  Various  Altitudes  (Expedition  to  El ' 
brus,  i960) 
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1)  Member  of  the  expedition;  2)  Kiev  (Initial  number  of  eosinophils); 

3)  absolute  number  of  eosinophils  in  1  mm^;  4)  at  the  altitude  of  2200 
meters;  5)  day  of  habitation  at  the  given  altitude:  6)  B.P.;  7)  M.V. ; 

8)  M.A.;  9)  Q.M.;  10)  V.O.;  11)  Q.E.;  12)  B.V. ;  13)  F.V. ;  14)  D.I.;  15) 
K.N. 


greater  manifestation  of  deci’ease  In  the  number  of  eosinophils  in  the 
blood  of  the  mice.  Then,  evidently  as  a  result  of  an  acclimatization 
phenomenon,  the  number  of  eosinophils  gradually  Increased. 

During  the  expedition  to  El 'brus  In  i960,  eosinophil  counts  were 
made  at  various  altitudes  with  human  beings  as  subjects  (Table  2).  Here, 
8  of  the  10  subjects  displayed  a  fifty  percent  reduction  In  their  eo¬ 
sinophil  counts  when  they  had  reached  an  altitude  of  only  2000  meters 
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above  sea  level.  In  the  case  of  two  subjects,  there  was  no  reduction  l 
be  observed  In  the  number  of  eosinophils  relative  to  the  Initial  (Kl' 
datum.  During  the  expedition  to  El'brus  In  I96I,  a  significant  reduc¬ 
tion  In  the  number  of  eosinophils  was  again  revealed,  moreover,  in  the 
case  of  every  one  of  the  twelve  participants  (Table  3). 

TABLE  3 


The  Number  of  Eosinophils  In  the  Blood  of 
Human  Beings  at  Various  Altitudes  (Expedi¬ 
tion  to  El'brus,  1961) 
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1)  Absolute  number  of  eosinophils  In  1  mm^;  2)  member  of  the  expedition 
3)  Kiev  (Initial  number);  at  the  altitude  of  2000  meters;  5)  day  cf 
habitation  at  given  altitude:  6)  B.P.;  7)  F.V. ;  8)  D.D. ;  9)  O.G.;  10) 
F.S.;  11)  N.S.;  12)  D.V. ;  13)  D.L.;  l4)  T.Kh.;  15)  O.K. ;  16)  L.G.;  17) 
S.N.  ^ 


Represented  In  Table  4  are  the  results  of  an  eosinophil  count  made 
during  the  expedition  to  El'brus  In  196I  on  23  white  mice  (the  ^ount 
being  undertaken  on  the  4th  day  after  reaching  each  of  the  successive 
altitude  levels)  and  15  guinea  pigs  (count  made  on  the  2nd  day  after 
reaching  each  of  the  successive  altitude  levels). 

During  the  expedition  to  El'brus  In  1959,  it  was  also  demonstrated 
that  after  a  25-unlt  Intramuscular  ACTH  administration,  the  eoslnopenia 
reaction  In  the  case  of  the  mice  was,  with  the  Increase  In  altitude, 
somewhat  Intensified  on  the  9_^  or  10th  day  uf  habitation  at  the  2000- 
meter  altitude  level  and,  on  the  4;U2  day  at  the  3500-meter  level;  all 


-  637  - 


tests  of  this  series  were  positive  (Table  5).  However,  the  Thorn  tect, 
which  was  conducted  with  ten  guinea  pigs  during  the  expedition  to  £!•- 
brus  in  I960,  cm  the  second  day  at  each  successive  altitude,  reveal-^d 
that  upon  administration  of  2.5  units  of  ACTH  the  eoslnopenla  reaction 
becomes  less  Intense  with  the  Increase  In  altitude.  This,  In  Kiev  the 
reduction  In  the  eosinophil  count  was  77.6%,  at  the  altitude  of  2000 
meters  It  was  71. ^5^,  at  the  altitude  of  3200  meters  it  was  62^,  and  at 
the  altitude  of  3500  meters  it  was  38. 45^. 

TABLE  4 

Hunger  of  Eosinophils  in  the  Blood  of  Mice  and 
Guinea  Pigs  at  Various  Altitudes  (Expedition  to 
El 'brus,  1961) 
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1)  Altitude  (In  meters);  2)  average  number  of  eosinophils  In  1  of 
blood  In  experiment  with  guinea  pigs;  3)  observation;  4)  average  number 
of  eosinophils  In  1  mm3  of  blood  in  experiment  with  white  mice;  5)  Kiev 
(58);  6)  In  two  instances  an  increase  was  observed;  7)  not  counted;  8) 
In  one  instance  an  Increase  was  noted  at  every  altitude.. 


TABLE  5 

The  Thorn  Test  with  Mice  Conducted  at  Various 
Altitudes  (Expedition  to  El 'brus,  1959) 
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altitude;  4)  9^,  10^;  5)  number  of  tests;  6)  average  percentage  de¬ 
crease  In  eosinophil  number  after  ACTH  administration. 
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CONCLUSIONS 


1.  Habitation  unaer  ccndltlonE  of  high  altitude,  or  subjection  to 
the  rarefied  air  in  a  pressure  chamber  activate  the  hypophyseal -adrena 
system.  This  effect  Is  Indicated  by  a  fall  in  the  absolute  number  of 
eosinophils  In  the  peripheral  blood. 

2.  On  the  second  day  of  habitation  under  conditions  of  successive 
ly  increasing  altitude  the  administration  of  ACTH  (the  Thorn  test)  to 
animals  results  In  an  eoslnopenla  reaction  which  is  weak  In  comparlsor. 
with  the  control  series  of  experiments.  Then  on  the  4th,  9th  and  IQth 
days,  apparently  In  conjunction  with  an  Incipient  acclimatization  phen 
omenon,  the  eoslnopenla  reaction  becomes  somewhat  more  Intense. 


CHANGES  IN  THE  ERYTHROCYTE  COUNT,  PULSE  RATE  AND  BLOOD 
PRESSURE  UFCSi  AN  ASCENT  TO  HIGHER  ALTITUDE  AFTER 
PRIOR  ACCLIMATIZATION  TO  HIGH  ALTITUDE  CONDITIONS 

A.B.  Zakharyan 
(Yerevan) 

AlCMig  with  shifts  In  a  series  of  physiological  functions  of  the 
organism  during  an  ascent  to  and  habitation  under  high  altitude  condi¬ 
tions,  changes  occur  also  with  respect  to  the  erythrocyte  population. 
These  latter  changes  represent  the  homeostatic  reaction  of  the  organism 
to  new  conditions,  here  basically  to  a  lowered  partial  pressure  of  oxy¬ 
gen  In  the  Inspired  air. 

The  objective  of  the  present  work  was  to  clarify  the  question  of 
how  the  number  of  erythrocytes  and  the  percentage  content  of  hemoglobin 
change  when  experimental  subjects  who  have  already  undergone  a  prior 
acclimatization  to  high  altitude  conditions  ascent  to  a  still  greater 
altitude.  The  work  was  conducted  In  Aragatz,  a  hlgh-mountaln  locality. 
The  investigation  comprised  the  study  of  76  healthy  men,  all  In  the 
20-26 -year-old  age  group.  The  experimental  subjects  had  been  living  at 
an  altitude  of  3250  meters  above  sea  level.  The  aggregate  of  7o  experi¬ 
mental  subjects  was  divided  Into  four  groups,  on  the  basis  of  length 
of  residence  at  the  3250-meter  level.  The  first  group  was  composed  of 
21  men  who  had  been  living  at  the  designated  altitude  for  no  longer 
than  one  month.  The  second  group  comprised  15  men  whose  period  of  habi¬ 
tation  at  the  given  altitude  level  was  one  to  six  months.  The  third 
group  contained  17  men  who  had  been  living  from  six  months  to  one  year 
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at  this  altitude,  and  the  fourth  group  Included  2:^  men  who  had  been 
living  at  the  3250-nieter  level  for  longer  than  one  yi.  ar.  The  ascent  ac¬ 
complished  subsequently  was  from  the  altitude  of  3250  meters  to  3500 
meters.  The  number  of  erythrocytes  and  the  percentage  content  of  hemo¬ 
globin  were  determined  before  this  ascent  was  undertaken,  then  at  the 
altitude  of  ascent,  and  again  a  day  after  the  return  to  the  3250  meter 
level. 

It  was  fund  that  at  the  altitude  of  ascent,  all  groups  experienced 
an  Increase  In  the  number  of  erythrocytes  as  well  as  Increase  In  the 
percentage  content  of  hemoglobin.  Upon  c canparing  the  changes  In  ery¬ 
throcyte-number  and  hemoglobin-percentage  shown  by  the  various  groups 
at  the  altitude  of  ascent.  It  was  established  that  the  first  group  had 
experienced  the  greatest  change  (erythrocyte -number  Increase  by  300,000, 
hemoglobin  percentage  by  J^) ,  and  that  the  fourth  group  had  experienced 
the  least  change  (erythrocyte -number  Increase  by  250,000,  hemoglobin 
percentage  by  3/^)*  The  number  of  erythrocytes  and  percentage  content  cf 
hemoglobin  were  determined  for  each  experimental  subject  one  day  after 
he  had  returned  to  the  3250-meter  altitude  level;  In  all  groups  studied, 
an  Insignificant  reduction  In  the  values  of  the  specified  Indicators 
was  noted,  but  In  each  case  they  exceeded  the  Initial  determination. 
Since  the  first  group  comprised  Individuals  who  were  In  only  the  Ini¬ 
tial  stage  of  acclimatization,  they  showed  the  greatest  changes  In  ery¬ 
throcyte  number  upon  ascent.  Conversely,  the  fourth  group,  composed  of 
Individuals  in  the  state  of  total  acclimatization,  showed  the  smallest 
changes  on  the  part  of  the  erythrocyte  population.  This  perm.lts  us  to 
conclude  that  acclimatization  Increases  the  organism's  tolerance  of  hy¬ 
poxia  . 

We  made  It  our  task  to  ascertain  how  the  pulse  rate  and  blood 
pressure  might  be  affected  upon  further  ascent  as  a  function  of  the 
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length  of  habitation  of  the  experimental  subjects  under  conditions 
high  altitude.  The  Investigation  was  conducted  In  Aragatz,  a  hlgh-moun- 
taln  locality.  The  altitude  of  3250  meters  above  sea  level  served  as 
point  of  departure,  and  from  here  an  ascent  to  the  3900  meter  altitude 
level  was  organized.  The  investigation  comprised  the  study  of  92  healthy 
men  In  the  20-2o  year  old  age  group.  The  experimental  subjects  were  di¬ 
vided  Into  four  groups,  and  a  man  belonged  to  one  group  or  another  de¬ 
pendent  on  the  length  of  time  he  had  been  living  at  the  3250  meter  lev¬ 
el.  The  first  group  comprised  25  men  who  had  been  living  at  the  speci¬ 
fied  altitude  for  no  longer  than  one  month;  the  second  group  was  com¬ 
posed  of  26  men  whose  period  of  habitation  at  this  altitude  was  one  to 
six  months;  the  third  group  contained  I8  men  who  had  been  living  from 
six  months  to  one  year  at  this  altitude;  and  the  fourth  group  was  com¬ 
posed  of  23  men  who  had  been  living  at  the  specified  altitude  longer 
than  one  year.  Pulse  rate  and  blood  pressure  were  checked  IO-I5  minutes, 
one  hour,  and  then  two  hours  after  the  ascent  from  the  3250  meter  level 
to  3900  meters  above  sea  level  had  been  completed. 

The  experimental  subjects  of  all  four  groups  showed  an  accelera¬ 
tion  of  pulse  rate  after  the  ascent.  After  two  hours  at  the  3900  meter 
altitude,  examination  revealed  a  pulse  rate  reduction;  but  it  was  still 
elevated  In  comparison  with  the  Initial  data.  However,  experimental 
subjects  comprising  the  first  group  experienced  the  grea^jst  accelera¬ 
tion  of  pulse  rate  relative  to  the  Initial  determination  (by  36,  26,  22 
beats  per  minute);  and  the  smallest  acceleration  (by  19,  I5,  10  beats 
per  minute)  was  experienced  by  experimental  subjects  comprising  the 
fourth  group. 

Let  us  now  examine  the  nature  of  the  changes  In  the  average  maxi¬ 
mal  and  minimal  blood  pressure  values,  after  the  ascent.  It  is  neces¬ 
sary  to  note  that  the  experimental  subjects  of  all  groups  experienced 


I 


an  Increase  In  both  maximal  and  minimal  blood  pressure.  Even  here,  hov/ 
ever,  it  was  found  that  the  greatest  increase  was  experienced  by  the 

I 

^  *.  men  who  comprised  the  first  group,  and  the  least  by  the  members  of  the 

fourth  group.  For  example,  10-15  minutes  after  the  ascent  the  members 
of  the  first  showed  an  average  Increase  in  the  maximal  blood  pressure 
value  by  22  mm  Hg,  and  an  Increase  in  the  minimal  blood  pressure  value 
by  11  mm  Hg.  In  the  fourth  group  the  maximal  blood  pressure  value  had 
Increased  on  the  average  by  3  mm  Hg,  and  the  minimal  blood  pressure 
value  by  5  mm  Hg.  One  day  after  their  return  to  the  3250  meter  altltud 
level  the  blood  pressure  and  pulse  rate  of  all  experimental  subjects 
were  checked;  on  the  whole,  these  indicators  had  returned  to  their  in¬ 
itial  values. 

On  the  basis  of  the  observations  that  we  have  made,  we  may  con¬ 
clude  that  acclimatization  to  a  hlgh-mountaln  climate  Increases  resis¬ 
tance  to  anoxia.  This  is  indicated  by  the  fact  that  the  greatest  hemo¬ 
dynamic  changes  were  observed  in  individuals  constituting  a  group  that 
was  in  only  the  initial  stage  of  acclimatization;  whereas  the  experi¬ 
mental  subjects  constituting  a  group  in  the  state  of  complete  acclima¬ 
tization  experienced  the  smallest  hemodynamic  changes. 


INFLUENCE  OP  THE  MOUNTAIN  CLIMATE  OP  THE  EL’BRUS  REGION  ON  THE  EXTERNAL 
(PULMONARY)  RESPIRATORY  FUNCTION  IN  BRONCHIAL  ASTHMA  PATIENTS 

S.P.  Mel'nlchuk 
(Pyatigorsk) 

In  1957-1959j  the  Pyatigorsk  Balneological  Institute  collaborated 
with  the  Physiology  Institute  of  the  Academy  of  Sciences  Ukrainian  SSR 
(staff  headed  by  Prof.  N.N.  Slrotlnln)  conducted  clinical-physiological 
observations  on  a  group  of  patients  suffering  from  bronchial  asthma, 
who  remained  for  a  month  at  an  altitude  of  2200  m  above  sea  level  in 
the  El ’brus  region.  The  clinical  observations  (S.A.  Ul'yanova  and  A. A. 
Kochumyan)  indicated  that  living  in  the  mountains  actually  does  have  a 
favorable  effect  on  bronchial-asthma  patients:  toward  the  end  of  a 
month's  sojourn,  39  of  44  patients  subject  to  the  mountain  climate 
showed  an  Improvement  In  condition,  the  state  of  three  showed  no  change, 
and  only  two  were  slightly  worse.  On  the  return  to  Kislovodsk  from  the 
expedition,  most  of  the  patients  showed  a  temporary  relative  deteriora¬ 
tion  In  clinical  state,  followed  by  a  more  stable  and  protracted  im¬ 
provement.  For  several  months  to  a  year  and  more  thereafter,  the  bron¬ 
chial  asthma  of  most  patients  took  a  considerably  easier  course  than  it 
had  In  preceding  years.  Their  ability  to  perform  work  Improved  notice¬ 
ably,  and  a  few  of  the  men  were  practically  restored  to  health. 

When  the  patients  were  taken  Into  the  mountains  In  1959,  the  basic 
problem  posed  was  that  of  studying  the  Influence  of  the  mountain  climate 
on  the  external  (pulmonary)  respiratory  function.  A  group  of  22  patients 
was  selected  for  participation  In  the  trip;  they  were  Inhabltai  ts  of 
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Kislovodsk  (12  men  aid  10  women)  ranging  In  age  from  20-^9  year.. 
histories  of  bronchial  asthma  varying  In  length  and  gravity,  but  with¬ 
out  concomitant  disorders  of  the  cardiovascular  system. 

The  following  basic  Indices  of  external  respiration  were  determined 
The  vital  capacity  of  the  lungs,  the  volumes  of  augmentation,  respira¬ 
tory  and  reserve  air,  the  number  of  respirations  per  minute,  the  pulm.on- 
ary- ventilation  minute  volume,  oxygen  requirement,  utilization  coeffi¬ 
cient  of  oxygen  In  the  lungs,  limit  (maximum)  of  pulmonary  ventilation, 
and  the  volume  rate  of  forced  expiration.  The  phases  of  the  Investiga¬ 
tion  were  concurrent,  with  a  single  procedure  employing  a  Knlppina-Ar- 
tynov  splrographlc  Instrument  (1951),  B.Ye.  Votchal’s  pneumotachometer 
(19^9),  a  breathing  valve  and  a  gas  meter. 

The  actual  values  obtained  for  the  indices  (except  for  respiratory 
frequency)  were  expressed  In  percentages  of  the  normal  physiological  val 
ues .  The  latter  were  calculated  on  an  individual  basis  from  the  normal 
tabulated  basal  metabolism  level,  which  was  multiplied  by  the  various 
conversion  factors  according  to  A. Antoni  (1937),  A.G.  Dembo  (1957),  and 
others.  The  results  of  the  Investigations  were  given  statistical  pro¬ 
cessing  with  calculation  of  the  arithmetic  means  (M),  their  errors  (m) 
and  the  confidence  coefficient  of  the  difference  ^  (Yu.L.  Pomorskly, 
1929;  L.S.  Kaminskiy,  1959). 

Before  the  ascent  Into  the  mountains,  the  external  respiratory 
function  was  studied  In  these  patients  on  a  monthly  schedule  —  In  April, 
May,  June  and  July. 

The  results  of  the  Investigations  are  presented  In  Table  1. 

The  Individual  values  of  the  external  respiration  Indices  are  not 
stable  In  bronchial  asthma  patients,  but  vary  over  a  relatively  broad 
range;  on  the  whole,  however,  they  are  considerably  lower  than  the  nor¬ 
mal  physiological  level.  Most  severely  depressed  were  the  Indicators 
that  directly  reflect  the  functional  permeability  of  the  broncl  and  the 
elasticity  of  the  lung  tissue  —  the  rate  of  forced  expiration  and  the 
pulmonary  ventilation  limit.  These  Indices  were  also  found  to  be  the 
most  unstable:  the  fluctuations  in  their  level  from  the  over-all  aver¬ 
ages  amounted  to  +10-+17^. 


-  645  - 


TABLE  1 


State  of  External  Respiratory  Func¬ 
tion  Indicators  in  Bronchial  Ajthrna 
Patients  Before  Ascent  into  Mountains, 
During  April- July  1959 


fl«c«)aTi‘4N 

JIMlllIlM 

1 


^  XClUmWMI  MMOCTh  MIKHX  . 

3  /lOflfUlHHTCJMIMA  BOSJiyX. 

,  %  /DKEJI . 

o  BOlAyX.  %  iUKlTJi 

A  PesqtMyA  ansjiyi  • 

o  Macrora  a  MNayry  • 

9  MatiyTNuA  o6wm  ontn- 

nunwaM  .  .  . 

norprilacMiic  KMCJiopojia 
11  Ko»#(^MHweiiT  RCimaMOMNMa 
KRcaopoaa  •  jwraMi  . 

^  ripeafa  acfoawoA  'nmiaauNN 
13  CaopocTk  ^opcapc  iRworo  bm* 


jw>xa 


OAoiMt  tftk- 
MM 

2 

OtmtHUhNIlK 
(R4(iaUI&H)IIC  ■ 
WMHB- 

3 

79.4  ±2.3 

86,6 

42.5 

17.7 

— 

19.4 

17,5±0.4 

15.3 

1995  ±4.5 

184.1 

122.5  ±1.0 

118,4 

6iJH±  1.5 

67.4 

S95±3.0 

75,0 

43.7^2.7 

535 

1)  External  respiration  index;  2)  over-all  average  value  (M  +  m);  3)  op¬ 
timum  (nearest  normal)  value;  4)  pulmonary  vital  capacity:  57  augmenta¬ 
tion  air,  %  of  DZhYeL;  6)  respiratory  air,  %  of  DZhYeL;  7)  reserve  air; 
8)  per-minute  frequency;  9)  pulmonary  ventilation  minute  volume;  10 ) 
oxygen  consuitqption;  11;  oxygen  utilization  coefficient  for  lungs;  12) 
limit  of  pulmonary  ventilation;  I3)  rate  of  forced  expiration. 


The  external  respiration  was  studied  five  times  (every  5-6  days) 


during  the  sojourn  in  the  mountains.  The  first  study,  which  was  made  a 
day  after  ascent  to  an  altitude  of  2200  m,  showed  definite  changes  even 
in  the  status  of  the  Indicators  of  this  function.  These  were  of  a  dual 


nature  (Table  2) . 

A  significant  Increase  in  the  pulmonary  ventilation  minute  volume 
and  the  level  of  oxygen  co.MSumptlon,  together  with  a  slight  decrease  in 
the  coefficient  of  its  utilization  in  the  lungs,  suggested  that  the  res¬ 
piratory  apparatus  of  the  bronchial-asthma  patients  is  performing  under 
a  manifest  funtlonal  (ventilation)  stress  during  the  first  few  days  of 
adaptation  to  the  mountain  climate.  At  the  same  time,  the  considerable 


increase  in  pulmonary  vital  capacity,  pulmonary  ventilation  limit,  and 
rate  of  forced  expiration  attested  to  a  distinct  Improvement  in  the  func¬ 


tional  permeability  of  the  bronchi  and  provided  objective  confirmation 
for  the  patients'  statements  to  the  effect  that  they  were  able  to 


I 


TABLE  2 


State  of  External  Respiratory  Func¬ 
tion  in  Asthma  Patients  During  First 
Few  Days  of  Sojourn  in  Mountains 


nonam^jiN 

1 

ypobrai.  Mtn- 
MTriMa 

I 

1  Otmim  •t 
MCidattora 
ypcmm 

3 

,  1 

>KM3HeHHaa  eMxocTb  jierKHx  . 

’  MHHyTHL'4  oGMM  JcrOXHOH  BCH- 

90.2 

+ 10,8 

^  THJiaUHH . 

264.4 

+65.2 

^  noTpe6a«HHe  KHcaopoaa 

7  Ko)^4>huii;ht  HcnanbwaaNaa 

161.3 

+  38,8 

KHcaopoAa  a  JieraHX  . 
d  npcAca  A«ro<iHoA  b<  thabumm  . 
9  CaopocTb  ^pcMpoBaHHoro  buao- 

61.6 

-2.7 

71.6 

+  13.3 

xa . 

52.6 

+8,9 

l)  External  respiratory  index;  2)  level  of  Index  (M  +  m);  3)  difference 
from  Initial  level;  pulmonary  vital  capacity;  5)  pulmonary  ventila¬ 
tion  minute  volume:  6)  oxygen  consumption;  7)  pulmonary  oxygen  utiliza¬ 
tion  coefficient;  o)  pulmonary  ventilation  limit;  9)  rate  of  forced  ex¬ 
piration  . 


breathe  much  better. 

As  the  sojourn  in  the  mountains  wore  on,  the  patients'  external 
respiration  Indices  vailed  about  the  level  achieved  during  the  first 
few  days  after  the  ascent.  They  usually  dropped  slightly  during  poor 
weather  (drop  in  temperature,  rain,  fog),  after  the  patients  had  over- ex¬ 
erted  themselves  physically  or  become  psychological  upset.  The  average 
level  of  the  external  respiration  indices  in  the  mountains  was  found  to 
be  much  closer  to  normal  than  at  Kislovodsk  (Table  3). 

As  compared  with  the  first  few  days  of  the  stay  in  the  mountains, 
the  pulmonary  ventilrtlon  minute  volume  dropped  slightly,  but  it  still 
remained  above  the  level  that  had  been  observed  at  Kislovodsk.  Also  con¬ 
siderably  above  the  Kislovodsk  level  was  the  consumption  of  oxygen.  Con¬ 
sequently,  a  higher  level  of  the  oxidative  processes  in  the  patient's 
organism  was  maintained  stably  under  the  conditions  of  the  mountain  cli¬ 
mate.  The  coefficient  of  oxygen  utilization  in  the  lungs  was  found  high¬ 
er  than  the  initial  level,  des’^dte  the  much  lower  atmospheric  pressure 
(90-100  mm  Hg  lower  than  at  Kislovodsk)  and  the  corresponding  decrease 

-  647  - 


TABLE  3 

Average  Values  of  External  Respira¬ 
tory  Function  Indicators  In  Asthma 
Patients  During  Sojourn  In  Mouritain::. 


XCaMeMM  CMRacTh  Mnui  . 
j  iUnatcMiti*  Miayx  . 
h  <iacm«  mumui  MiwyTy  . 
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p  nuiattm . 
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2 

Of  mpmt  9* 

mtmMrnmm 

933tijS 

+  14.4 

».7±«.4 

+3.0 

-i.S 

2S3jSf3.0 

1SI2±2J 

+28.7 

69.7±0J| 

+5,4 

77.9±».4 

+  19.6 

5S3±2.2 

+  IJ.I 

i)  External  respiratory  index;  2)  level  of  indices  (M  +  m) ;  3)  differ¬ 
ence  from  initial  level;  4)  pulmonary  vital  capacity;  5)  respiratory 
air;  6)  respiratory  frequency,  per  minute;  7)  pulmonary  ventilation 
minute  volume:  8)  oxygen  consumption;  9)  oxygen  utilization  coefficient 
for  lungs;  10;  pulmonary  ventilation  limit;  11)  rate  of  forced  expira¬ 
tion. 


in  the  oxygen  partial  pressure  of  the  inspired  air.  Thus,  the  assimila¬ 
tion  of  oxygen  by  the  respiratory  apparatus  of  the  bronchial-asthma  pa¬ 
tients  under  the  conditions  of  the  mountain  climate  was,  despite  hypox¬ 
ic  hypoxia,  accomplished  with  less  functional  (ventilation)  stress  than 
at  lower  altitudes. 

It  is  also  important  to  note  the  fact  that  the  respiratory  move¬ 
ments  of  the  patients  became  much  deeper  and  less  frequent,  constitu¬ 
ting  a  kind  of  continuous  natural  "light”  exercise  (Turban  and  Spengler, 
1906)  and  undoubtedly  Improved  the  alveolar  ventilation  (Kompo  et  al . , 

1961) . 

The  pulmonary  vital  capacity,  the  pulmonary  ventilation  limit  and 
the  rate  of  forced  expiration  Increased  for  the  rest  of  the  time  in  the 
mountain,  both  as  ccwipared  with  the  Initial  level  and  as  compared  with 
the  first  few  days  of  the  mountain  visit.  The  data  obtained  attest  to 
a  significant  and  objectively  documented  improvement  in  the  functioning 
of  the  external  (pulmonary)  respiratory  apparatus  -  the  function  most 
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under  the  condillcn.: 


seriously  impaired  In  bronchial-asthma  patients  — 
of  the  mountain  climate. 

In  subsequent  experiments  carried  out  -fter  the  return  from  El 
brus,  we  attempted  to  clarify  the  question  as  to  the  persistance  and 
stability  of  the  external-  espiratlon  Improvement  that  had  developed  Ir. 
the  mountain  climate.  The  indicators  of  this  function  were  determined 
durin^^  the  first  two  to  four  days  after  the  return,  and  then  1,  4  and 
8-10  months  afterward. 


TABLE  4 

State  of  External  Respiratory  Indices  in 
Astl-ima  Patients  During  the  First  Few  Days 
After  the  Return  from  El 'brus 
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i 

1)  External  respiratory  Index;  2)  level  of  indices  (M  +  m) ;  3)  differ¬ 
ence  from  level  in  mountains;  4)  difference  from  initial  level;  5)  pul¬ 
monary  vital  capacity;  6)  respiratory  frequency,  per  minute;  pulmon¬ 
ary  ventilation  minute  volume;  6)  oxygen  consumption;  9)  oxygen  utillza- 


tlon  coefficient;  10)  pulmonary  ventilation  limit; 
tlon  rate. 


liy  forced  explra- 


As  will  be  seen  from  Table  4,  the  state  of  the  external  respiration 
ind. ces  In  the  bronchial-asthma  patients  was  much  better  during  the 
first  few  days  after  the  return  than  before  the  visit  to  the  mountain 
region.  The  level  of  most  of  the  Indices,  except  fon  the  pulmonary  vi¬ 
tal  capacity  and  the  ventilation  limit,  was  found  to  be  even  better 
than  It  had  been  In  the  mountains. 

The  next  study  of  external  respiration,  which  was  made  a  month  la¬ 
ter,  coincided  with  the  development  of  a  temporary  deterioration  of 
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clinical  state  in  most  of  the  18  patients  examined  at  this  time  period. 
During  this  "negative  phase"  of  the  reacclimitization  period,  we  also 
noted  a  drop  in  the  external  respiratory  indices  (on  the  average,  to 
the  initial  values).  Subiiequently,  however,  when  the  period  of  tenpor- 
ary  deterioration  had  passed  and  a  relatively  stable  improvement  of  the 
patients'  clinical  state  had  set  in,  the  external  respiratory  function 
indices  again  iiq)roved  considerably.  Thus,  four  months  after  the  vlst 
to  the  mountains  (December  1959)*  despite  the  fact  that  it  was  winter, 
the  average  level  of  these  indices  was  found  to  be  much  higher  than 
prior  to  the  El'brus  e3q)edltlon.  The  state  of  the  external  respiratory 
functions  was  found  to  be  even  better  in  the  spr-.-g  —  in  Aprll-May  i960 
—  ,  l.e.,  8  months  after  the  ascent  into  the  mountains  and  exactly  one 
year  after  the  first  study  of  respiration  in  the  patients  (Table  5) . 

The  optimum  external  respiration  indices  noted  after  the  stay  in 
the  mountains  were  found  to  be  closer  to  normal  than  the  corresponding 
indices  in  the  natural  state. 

TABLE  5 

State  of  External  Respiration  Indices  in 

Bronchial  Asthma  Patients  in  Aprll-May 
1959  and  i960 
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1)  External  respiratory  index;  2)  average 
level  in  Aprll-May  1959;  3)  average  level 
in  Aprll-May  196O;  4)  pulmonary  vital  ca¬ 
pacity;  5)  pulmonary  ventilation  minute 
volume;  6)  oxygen  consumption;  7)  oxygen 
utilization  coefficient;  8)  pulmonary  ve*'- 
tllation  limit;  9)  forced  expiration  rate. 
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An  inference  to  be  drawn  from  the  above  is  that  an  Inprovemen^ 
in  the  regulation  of  the  external-respiratory  apparatus,  with  a  sign  1- 
ficant  and  protracted  Improvement  in  the  indices  of  this  function, 
plays  an  Important  role  in  the  mechanism  o^  the  beneficial  therapeutic 
effect  of  the  mountain  cllma'*  ^  on  bronchial-asthma  patients.  Thus,  a 
sojourn  under  the  conditions  of  a  mountain  climate  may  with  justifica¬ 
tion  be  regarded  not  simply  as  a  symptomatic  and  temporary  method  of 
treatment  and  prophylaxis  for  bronchial  asthna,  but  a  long- lasting  one 
with  a  pathogenetic  basis.  The  data  of  N.N.  Slrotlnln  (1939»  1955)  and 
his  collaborators  on  the  possibility  and  necessity  of  more  extensive 
therapeutic  and  prophylactic  utilization  of  the  mountain  climate  have 
been  confirmed  on  the  example  of  bronchial  asthma. 

Subsequent  investigations,  and,  in  particular,  study  of  the  in¬ 
fluence  of  longer  and  repeated  stays  in  a  mountain  locality  on  bron¬ 
chial-asthma  patients  and  the  search  for  ways  to  eliminate  or  alleviate 
the  "negative  phase"  of  the  reacclimltizetlon  period  are  of  considerable 
interest  and  should  be  continued. 
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IIIPLUENCE  OF  THE  MOUNTAIN  CLIMATE  ON  THE  COURSE  OF  BRONCHIAL  ASTHMA 

A. A.  Kochum'yan 
(Kislovodsk) 

The  therapeutic  effect  of  the  mountain  climate  on  patients  suffer¬ 
ing  from  braichlal  asthma  attracted  the  attention  of  numerous  investi¬ 
gators  as  long  ago  as  the  last  century.  However,  this  matter  has  to 
this  day  not  been  given  an  adequate  clinical  verification  and  pathogen¬ 
etic  basis,  and  remains  one  of  the  most  neglected  problems  In  the  liter¬ 
ature. 

The  Caucasus  Mineral  Waters  Balneological  Institute  and  the  Kis¬ 
lovodsk  Health  Resort  Polyclinic  have  carried  out  a  Joint  program  of 
observation  of  22  bronchial  asthma  patients  residing  at  Kislovodsk. 

The  study  method  consisted  In  observing  the  course  of  the  Illness, 
electrocardiographic  study,  fluoroscopy  of  the  chest  organs,  clinical 
analysis  of  the  blood  and  sputum,  and  measurements  of  arterial  pressure, 
respiratory  frequency  and  pulse. 

The  observations  were  made  at  three  different  altitudes:  from 
March  to  July  1959  at  Kislovodsk  (altitude  800-850  m),  and  then  from 
13  July  through  10  August  1959  at  Terskol  on  a  spur  of  the  El'brus  (al¬ 
titude  2000  m)  and  at  Novyy  Krugozor  (altitude  3000  m  above  sea  level) . 

The  patients  were  classified  Into  two  groups  on  the  basis  of  clin¬ 
ical  data:  the  first  group  consisted  of  5  patients  with  so-called  pure 
unconpllcated  asthma,  and  the  second  group  of  17  patients  with  second¬ 
ary  pulmonary  emphysema  and  asthmatic  bronchitis.  There  were  12  male 
patients  snd  10  females,  with  ages  varying  from  20  to  50  years. 
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Tne  patient c  were  distributed  as  follows  on  the  basis  of  the 
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Before  the  excursion  to  El'brus,  two  patients  of  the  first  group 
had  been  suffering  attacks  of  suffocation  6-8  times  a  month,  while 
daily  attacks  were  observed  in  the  other  three.  The  pulse  rate  varied 
from  72-76  per  minute,  and  the  respiratory  frequency  from  16-21  per  min¬ 
ute.  The  arterial  pressure  was  within  the  range  100/70-120/80.  The  eos¬ 
inophil  count  in  one  patient  was  normal  (3?^)>  while  the  other  four  show¬ 
ed  abnormally  high  figures  ranging  from  4-125^. 

In  patients  with  c<anpllcations  in  the  form  of  pulmonary  emphysema 
and  asthmatic  bronchitis,  the  clinical  picture  was  characterized  by  the 
following  data.  Attacks  were  observed  in  two  patients  from  3  to  5  times 
a  month,  and  1-2  times  a  day  in  6  patients.  The  sufflcation  attacks  in 
these  eight  patients  were  more  severe  than  in  the  patients  of  the  first 
group.  The  other  9  of  the  17  patients  were  in  an  asthmatic  state  that 
formed  a  background  for  attacks  of  bronchial  asthma  from  4  to  20  times 
a  day. 

Rales  could  be  heard  in  the  lungs  of  l4  patients  of  the  second 
group.  Coughing  with  sputum  was  observed  in  9  persons.  The  frequency  of 
the  cardiac  rhythm  varied  from  68-100  beats  per  ir.inute,  and  the  respira¬ 
tion  frequency  from  14  to  24  per  minute.  The  arterial  pressure  ranged 
from  100/70- 120/80  mm  Hg. 

In  15  patients  of  the  same  group,  the  eosinophil  count  was  found  to 
be  abnormally  high,  varying  from  5-14$^;  mild  leucocytosls  (9100-13,000) 
was  noted  in  6  patients.  In  chest  fluoroscopy,  signs  of  pulmonary  emphys¬ 
ema  were  detected  in  I5  patients.  On  examination  of  the  sputum  of  eight 
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patients,  Charkot- Leyden  crystals  were  not  detected  Iri  a  single  case, 
while  Curschaann's  spirals  were  found  in  two  patients. 

The  ca■^>8lte  to  which  the  patients  were  taken  was  located  iri  the 
village  of  Terskol  between  the  valleys  of  the  Terskol  and  Azau  rivers. 
During  our  stay  at  the  2000-m  altitude,  the  weather  became  relatively 
chilly  and  moderately  da^,  with  frequent  torrential  rain  storms.  The 
air  tenperature  In  the  morning  and  evening  hours  varied  from  +8  to  +17  , 
and  around  midday  from  +l6  to  +25°.  The  atmospheric  humidity  ranged 
from  60-8C5^  In  the  morning  and  30-50°  in  the  afternoon.  The  average  at¬ 
mospheric  pressure  was  589  (variations  did  not  exceed  2  mm) . 

The  condition  of  all  first-group  patients  deteriorated  during  the 
first  two  days  of  the  sojourn  at  Terskol:  the  attacks  of  suffocation  be¬ 
came  more  frequent  and  more  severe,  and  there  was  no  Improvement  until 
the  third  to  fourth  day;  the  attacks  ceased  altogether  In  three  pa¬ 
tients,  while  In  the  other  two  they  became  less  frequent  and  less  se¬ 
vere  than  at  Kislovodsk.  The  patients  took  a  markedly  smaller  amount  of 
medication.  Two  of  them  even  refreshed  themselves  with  cold  water  from 
a  mountain  stream.  Under  ordinary  conditions,  chilling  would,  as  a  rule, 
produce  difficulty  In  breathing.  All  patients  became  more  active  and 
took  long  walks  within  a  radius  of  three  to  five  kilometers.  During  the 
first  few  days  of  the  sojourn  at  El'brus,  we  noted  that  their  pulse  had 
quickened  by  8-12  beats  as  compared  with  the  corresponding  index  for 
Kislovodsk.  The  maximum  arterial  pressure  Increased  by  10-20  mm  and  the 
minimum  by  10  mra  of  Hg  as  compared  with  the  initial  data.  Respiration 
was  faster  by  two  to  five  inspirations  per  minute.  These  changes  in 
pulse,  arterial  pressure  and  respiration  were  apparently  due  to  slight 
hypoxia  as  a  result  of  the  lower  o^Qrgen  partial  pressure. 

In  the  second  group,  conditions  deteriorated  for  five  patients  of 
the  seventeen;  the  attacks  of  suffocation  became  more  frequent  and  In- 
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creased  in  gravity  during  the  first  two  days  of  the  visit  at  T-.rskol. 

No  significant  shifts  in  the  state  of  health  took  place  in  the  other 
12  individuals.  Subsequently,  the  attacks  stopped  in  four  of  the  17  pa¬ 
tients,  In  the  remaining  13,  attacks  of  suffocation  were  observed  mere 
rarely  and  became  less  severe.  Rales  vanished  in  seven  individuals, 
subsided  in  six,  and  remained  unaffected  only  in  one  case.  Coughing  and 
elimination  of  sputum  ceased  in  eight  individuals,  and  were  reduced  in 
one . 

During  the  first  few  days  of  the  stay  at  Terskol,  a  quickening  of 
the  pulse  by  approximately  12-16  per  minute  and  respiration  by  1-3  per 
minute  was  observed  in  patients  of  the  second  group.  The  maximum  arter¬ 
ial  pressure  rose  on  the  average  by  10-20  mm,  and  the  minimum  by  5  n™ 

Hg. 

After  two  weeks  at  Terskol,  12  individuals  of  tne  second  group  and 
two  of  the  first  group  were  transferred  to  Novyy  Krugozor  at  an  alti¬ 
tude  of  3000  m  above  sea  level  (the  camp  was  set  up  on  a  mountain  slope 
bare  of  vegetation)  and  stayed  there  for  six  days.  The  mean  air  temper¬ 
ature  in  this  region  was  +6.9°.  During  the  morning  and  evening  hours  it 
ranged  from  +4  to  6^,  and  did  not  exceed  +12°  in  the  afternoon.  These 
low  air  temperatures  were  observed  against  a  background  of  high  humid¬ 
ity,  giving  the  sensation  of  a  raw,  cold  climate,  and  the  atmospheric 
humidity  approached  saturation  (lOOJ^)  during  the  evening  hours. 

Analysis  of  the  weather  conditions  at  the  2000  and  3000  m  altitudes 
during  the  time  in  which  the  patients  were  there  showed  that  the  weather 
pattern  at  Terskol  was  considerably  milder  than  that  at  Novyy  Krugozor. 
The  atmospheric  pressure  here  was  considerably  lower  than  at  Terskol. 

The  condition  of  two  patients  of  the  first  group  and  11  patients  of  the 
second  group  deteriorated  at  this  altitude.  In  some  patients,  the 
attacks  of  suffocation  that  had  disappeared  at  Terskol  reappeared  here, 
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while  In  others  they  became  even  more  severe.  We  began  to  detect  rale;; 

and  patients  began  to  cough  and  bring  up  sputum.  Due  to  their  worsened 
condition,  the  patients  were  obliged  to  resort  more  frequently  to  the  I 

various  spasmolytic  agents  and  take  them  in  larger  doses. 

Together  with  this,  a  number  of  symtoms  of  mountain  sickness  began 
to  appear  In  the  patients  at  Novyy  Krugozor:  headache,  dizziness,  ring¬ 
ing  In  the  ears,  lassitude,  stumbling,  foul  .moods  and  disturbed  sleep. 

Almost  all  of  the  patients  experienced  acute  exhaustion  even  on  under¬ 
taking  minor  physical  exertion.  Only  a  single  patient  in  the  second 
group  showed  no  worsening  of  condition  on  the  change  in  altitude. 

The  deterioration  of  the  patients'  state  during  the  six-day  sojourn 
at  Novyy  Krugozor  would  apparently  be  accounted  for  by  the  fact  that  un¬ 
der  the  conditions  of  lower  oxygen  content  in  the  atmosphere,  hypoxia 
manifested  to  a  more  acute  degree,  so  that  the  inadequacy  of  the  adap¬ 
tive  reactions  of  the  cardiovascular  and  respiratory  systems  stood  re¬ 
vealed.  Another  no  less  important  factor  must  be  seen  in  the  highly  un¬ 
favorable  weather  conditions  at  Novyy  Krugozor,  where  chilly  tempera¬ 
tures  accompanied  by  rain  and  fog  persisted  for  the  entire  sojourn. 

Storm  van  Leeuwen  (1923)  arrived  at  the  conclusion  that  the  ir- 
provement  In  the  state  of  patients  at  high  altitudes  excludes  the  pos¬ 
sibility  of  temperature,  atmospheric  pressure  and  humidity  playing  any 
essential  part  In  the  process,  although  these  factors  may  from  time  to 
time  have  some  Importance. 

Our  observations  are  not  in  agreement  with  the  statement  of  Ctorm 
van  Leeuwen.  The  results  of  observations  made  on  l4  patients  taken  up 
to  the  3000-m  altitude  Indicate  that  altitude  Is  apparently  the  only 
factor  without  Independent  significance  for  the  Improvement  in  the  pa¬ 
tients.  If  this  were  not  the  case,  our  patients  should  have  felt  better 
at  the  altitude  of  3000  m  than  2000  m,  but  this  did  not  happen.  It 
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must  be  concluded  that  the  state  of  bronchial  asthma  patients  improves 
with  increasing  altitude  only  up  to  a  certain  point.  Further,  favorable- 
weather  conditions  are  of  great  importance  in  this  respect. 

On  the  return  to  Terskol,  11  patients  showed  Improvement,  return¬ 
ing  to  the  state  prevailing  prior  to  the  ascent  to  3000  m.  Two  others 
also  Improved,  but  did  not  become  as  well  as  they  had  been  during  the 
first  sojourn  at  Terskol.  And  in  1  patient  of  the  first  group  the  de¬ 
terioration  that  had  begun  at  Novyy  Krugozor  persisted  until  the  depar¬ 
ture  to  Kislovodsk.  The  cardiac  frequency  indices,  the  number  of  res¬ 
pirations  per  minute  and  the  arterial  pressure  amplitude  diminished 
slightly  as  compared  with  the  data  frexn  the  first  few  days  of  the  so¬ 
journ  at  Terskol  and  approached  the  initial  values. 

Comparing  the  data  of  laboratory  examinations  of  the  blood  at  the 
end  of  the  mountain  sojourn  with  the  initial  data,  we  noted  a  decrease 
in  eosinophil  and  leucocyte  count  in  all  patients,  those  of  both  the 
first  and  second  groups,  in  agreement  with  the  results  obtained  by  N. 

M.  Schumltskoy  and  S.A.  Ul'yanova  (1959).  A  repetition  of  fluoroscopy 
produced  the  same  results  as  before.  In  eight  patients  of  the  second 
group,  the  production  of  sputum  had  ceased  during  the  sojourn  in  the 
mountains,  and  it  had  diminished  in  one  patient. 

Electrocardiographic  tests  were  run  on  17  patients  of  the  second 
group.  Signs  of  hypertrophy  of  the  right  ventricle  were  detected  in 
five  patients  (high  R  wave  in  the  right  precordial  lead  and  in  stand¬ 
ard  derivations  2  and  3;  downward  shift  of  ST  in  standard  leads  2  and 
3). 

Partial  block  of  the  right  septal  division  of  the  bundle  of  His 
was  established  in  three  patients  and  block  of  the  right  septal  divi¬ 
sion  of  the  bundle  of  His  in  one  patient.  In  five  patients  we  observed 
a  low  ORS  voltage  in  the  standard  leads,  and,  in  the  precordial  leads, 


a  deep  S  and  a  den/iatlcn  cf  the  electrical  axln  to  i ho  right;  three  pa¬ 
tients  showed  high 

IJynamic  changes  In  the  EKG  were  :)hserved  in  three  patients.  They  % 

wer 3  manifested  in  disappearance,  in  o  .c  patient,  of  the  partial  block 
of  the  bundle  of  Kis  right  septal  division  and  in  a  considerable  lower¬ 
ing  of  the  Tg  2  wave;  in  the  second  patient,  they  took  the  form  of  a 
normal  QRS-complex  voltage  (on  the  first  EKG,  the  QRS  voltage  of  this 
patient  had  been  low).  In  the  third  patient,  B.,  aged  50  years,  the 
second  EKG, taken  at  the  end  of  the  sojourn  in  the  mountains,  showed. 

In  addition  to  the  partial  block  cf  the  right  septal  division  of  the 
bundle  of  His,  which  had  been  identified  from  the  first  EKG,  a  low  T- 
■^ave  in  the  derivation  -  apparently  a  sign  cf  disturbance  to  the 

outrition  of  the  anterior  and  lateral  walls  of  the  left  ventricle.  It 
lust  be  concluded  that  a  latent  coronary  insufficiency  had  been  brought 
Dut  at  the  mountain  location  under  the  hypoxic  conditions  prevailing 
s  here . 

In  summarizing  our  observations,  we  must  note  that  of  the  five  pa¬ 
tients  of  the  first  group,  two  began  a  considerable  improvement  mani- 
'ested  In  total  disappearance  of  the  suffocation  attacks.  An  improve¬ 
ment  was  noted  in  two  further  cases,  i.e.,  a  decrease  in  the  number  of 
ittacks  of  bronchial  asthma  and  a  shortening  of  their  duration.  One  pa- 
lent  showed  deterioration  associated,  as  described  above,  with  the  as- 
ent  to  the  3000-meter  altitude. 

Among  the  patients  of  the  second  group,  a  considerable  Improvement 
as  observed  in  three  individuals,  an  improvement  In  13,  and  a  slight 
mprovement  in  one  patient,  manifest  in  this  case  in  a  longer  time  be- 
ween  attacks  and  a  decrease  in  the  production  of  sputum.  Thus,  of  the 
'2  patients  who  came  under  our  observation,  5  showed  a  considerable  im-  ^ 

rovement,  15  an  improvement,  one  an  insignificant  improvement  and  one 
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a  worsen -ng  of  condition. 

Analyzing  the  results  obtained,  we  may  conclude  that  the  mechanl.,m 
behind  the  therapeutic  effect  of  the  mountain  climate  on  bronchial 
asthma  patients  consists,  as  correctly  stated  by  Academician  N.N.  Cir- 
otlnln,  of  the  complex  effect  of  a  number  of  causes. 

Patients  brought  under  the  conditions  of  a  rarefied  atmosphere  and 
the.  associated  low  oxygen  partial  pressure  are  in  a  state  of  mild  hypox¬ 
ia.  This  is  indicated  by  the  quickening  of  pulse  and  respiration  observ¬ 
ed  in  our  patients  together  with  a  slight  rise  in  arterial  pressure  — 
phenomena  most  distinct  during  the  first  few  days  of  the  stay  in  the 
mountains.  In  other  words,  a  number  of  adaptive  mechanisms  regulating 
circulation  and  respiration  have  been  stlmuf^^'e^ 

The  decrease  In  the  eosinophil  count  In  the  blood  of  the  patients 
Indicates  that  the  allerglzatlon  of  the  asthma  patient 's  organism  has 
abated. 

CONCLUSIONS 

1.  A  mountain  climate  (altitude  2000  ra)  has  a  favorable  Influence 
on  patients  suffering  from  bronchial  asthma. 

2.  A  sojourn  at  a  higher  altitude  (3000  m)  causes  a  worsening  of 
the  course  taken  by  the  bronchial  asthma  as  compared  with  the  lower  al¬ 
titude  (2000  m) .  There  is  a  possibility,  however,  that  this  was  a  con¬ 
sequence  of  unfavorable  weather  conditions  encountered  during  the  so¬ 
journ  at  the  3000  m  altitude. 

3.  Since  medicine  does  not  yet  have  at  its  disposal  drastic  means 
for  the  treatment  of  this  serious  disorder,  and  In  view  of  the  positive 
results  obtained  with  the  bronchial  asthma  patients  under  the  condi¬ 
tions  of  the  mountain  climate,  both  as  per  our  observations  and  the  re¬ 
sults  of  other  authors,  further  study  of  this  problem  is  necessary. 
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EXPERIENCE  IN  THE  TREATMENT  OP  BRONCHIAL  ASTHMA  PATIENTS  BY  STEPWISE 

ACC:.IMATIZATION  TO  THE  MOUNTAIN  CLIMATE 
S.A.  Ul'yanova  and  N.M.  Shamltskaya 
(Pyatigorsk,  Kiev) 

It  was  noted  as  early  as  the  end  of  the  last  century  that  inhabi¬ 
tants  of  mountainous  regions  very  seldom  suffer  from  bronchial  asthma. 

In  connection  with  this  observatloii,  a  number  of  investigators  have  re¬ 
commended  use  of  the  mountain  climate  for  treatment  of  this  disease. 

The  literature  reflects  studies  devoted  to  the  treatment  of  bron¬ 
chial  asthma  by  hypoxia,  both  in  the  hypobarlc  chamber  (Sirotlnln,  19^0, 
19^1;  Cf  ikh»Val*ter,  195^;  Kheken,  1955)  and  at  mountain  altitudes  (Tur¬ 
ban  and  Egger,  1906;  Steubll,  1913}  Storm  van  Leeuwen,  1923;  Gottes- 
fried,  1940;  Gens,  1956;  fskomel,  1957;  Sirotlnln,  1958;  Klod  [Claude], 
1958;  Rozhe,  Boduen  and  Mat 'ye  [Rogler,  Baudouin,  Mathieu],  1958). 

While  they  noted  the  positive  influence  of  the  mountain  cllim.'te  on 
bronchial  asthma  patients,  the  above  authors  were  nevertheless  unable 
to  account  for  this  ln®rovement  altogether  convincingly. 

At  the  present  time,  most  Investigators  embrace  the  allergic 
theory  of  the  origin  of  bronchial  asthma,  according  to  which  an  Increase 
in  the  seiiSitivity  (sensitization)  of  the  organism  is  regarded  as  the 
cause  of  bronchial  asthma  on  frequent  contact  with  certain  substances 
(allergens).  Various  substances  of  both  vegetable  and  animal  origin  may 
act  as  allergens  of  this  type  and  produce  attacks  of  suffocation:  the 
pollen  of  flowers  and  grasses,  irritating  odors,  various  types  of  dust, 
the  black  dye  "Ursol,"  wool  and  the  sweat  of  domestic  animals,  etc. 
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The  diagnosis  of  ''onchial  asthma  and  sub.  .  q^-nt  desensitlzat ion 
employ  tests  in  which  asthma  attacks  are  provoked  by  inhalation  of  aer¬ 
osols  containing  various  allergens,  Intracutaneous  tests,  and  skin- al¬ 
lergy  tests  (scarification  method).  The  latter,  as  the  least  dangerous, 
are  extensively  uaed  by  foreign  researchers. 

The  question  as  to  the  role  of  allergens  in  the  course  of  bron¬ 
chial  asthma  In  the  mountains  has  not  as  yet  been  given  sufficient 
study. 

The  present  paper  presents  reo-’lts  from  a  composite  study  conduc¬ 
ted  by  staff  members  of  the  A, A.  Bogomolets  Physiology  Institute  of  the 
Academy  of  Sciences  Ukrainian  SSR  (Kiev)  and  staff  members  of  the  State 
Caucasus  Mineral  Waters  Scientific  Research  Balneology  Institute,  de¬ 
voted  to  research  into  the  Influence  of  prolonged  residence  in  the 
mountains  on  the  disorders  of  bronchial  asthma  patients. 

The  data  was  collected  at  Pyatlgorsk-Klslovodsk  (initial  data)  and 
during  two  expeditions  to  El'brus  in  1957  and  1958.  The  work  was  car¬ 
ried  out  under  the  supervision  of  Academician  of  the  Academy  of  Medical 
Sciences  USSR  N.N.  Slrotlnln. 

BRIEF  CHARACTERIZATION  OF  THE  PATIENTS 

Of  the  24  bronchial  asthma  patients  placed  under  observation,  11 
were  year-round  inhabitants  of  Pyatigorsk,  while  10  were  residents  of 
Kislovodsk.  In  the  1957  expedition,  13  individuals  were  treated,  and 
of  the  15  treated  in  1958,  f oi  r  were  return  cases.  The  age  of  the  pa¬ 
tients  varied  from  19  to  52  years,  with  most  of  them  in  the  20- 30-year 
age  bracket.  There  were  a  majority  cf  women  among  the  patients  (l6  out 
of  24).  Their  occupations  included  plant  engineers,  a  manicurist,  a 
printing-house  worker  (female),  a  cook,  a  cabinet-maker,  medical  work¬ 
ers,  animal  husbandry  specialists,  a  weaver,  a  veterinarian,  etc.  All 
those  investigated  had  bronchial  asthma  in  one  or  another  degree  of 
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severity  and  persistence  (the  latter  ranging  generally  from  t  to  10 
years) .  Some  of  the  patients  suffered  from  concomitant  disorders  ir  ad¬ 
dition  to  the  bronchial  asthnia  (emphysema  of  the  lungs,  chronic  bronchi¬ 
tis,  stenocardia,  hypertonia,  atherosclerosis,  etc.). 

Among  the  causes  that  had  preceded  the  appearance  of  bronchial 
asthma,  the  foremose  position  must  be  accorded  to  inflammatory  process¬ 
es  In  the  upper  respiratory  tracts,  together  with  psychic  tr?^umas  and 
Inspiration  of  various  Irritating  substances. 

Most  of  the  patients  (17  out  of  24)  had  suffered  frequent  attacks 
of  suffocation  before  the  expedition.  The  asthma  was  taking  a  particu¬ 
larly  grave  courre  In  eight  patients.  The  attacks  recurred  every  day, 
several  times  a  day,  and  were  severe  and  protracted  In  nature  (lasting 
several  hours  apiece).  It  was  necessary  to  resort  to  repeated  Injec¬ 
tions  of  adrenaline  to  cure  them.  An  asthmatic  state  was  observed  In 
two  patients  during  the  last  week  prior  to  the  excursion. 

We  noted  the  following  each  Jay  for  all  of  the  asthmatics:  general 
condition,  number  and  nature  of  attacks,  body  temperature,  pulse  and 
arterial  pressure.  Further,  we  followed  the  changes  In  the  allergy  skin 
tests  on  a  dynamic  basis,  as  well  as  the  morphological  state  of  the 
peripheral  blood  during  the  course  of  the  ascent  to  altitudes  of  2000  m 
(Terskol),  3000  m  (Novyy  Krugozor),  3500  m  (Tlk  "105")  and  with  In¬ 
creasing  time  of  residence  under  the  mountain  conditions.  Skin  tests 
were  set  up  four  times  with  four  groups  of  composite  al] ergons  made  up 
separately  and  freshly  each  time  from  products  of  vegetable  and  animal 
origin  b^  the  method  of  Koch  and  Milford  (1925)  and  Storm  van  Leeuwen 
(1927).  The  result  of  the  reaction  was  read  after  20  minutes  and  24  and 
48  hours  had  elapsed  following  application  of  the  allergen.  Skin  tests 
with  the  same  allergens  were  run  on  I6  healthy  Individuals  as  a  control, 
and  produced  negative  reactions  In  all  cases. 
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TREATMENT  OP  PATIENTS  AND  ITS  RESULTS 

The  basic  therapeutic  factor  was  climatic.  iMedicatlon  was  used  on¬ 
ly  during  attacks.  During  the  first  3-^  days,  eight  patients  reported 
lassitude.  Indisposition,  and  headaches,  apparently  stemming  from  ad¬ 
aptation  to  the  new  conditions  presented  by  the  mountain  climate.  To¬ 
ward  the  end  of  the  first  week,  the  condition  of  almost  all  patients 
had  Improved;  the  attacks  began  to  appear  with  decreasing  frequency  and 
were  shorter  and  milder.  They  were  almost  always  cured  by  theophedrlne 
or  antasthman.  The  mood  of  the  patients  improved,  and  the  "feeling  that 
my  chest  Is  in  e  Vxce"  disappeared.  The  patients  breathed  "with  the 
full  chest."  As  they  put  it,  "now  the  air  can  get  Into  my  lungs  freely." 
The  patients  were  able  to  take  hikes  of  5-6  kilometers,  something  that 
would  have  been  altogether  Impossible  previously. 

With  the  purpose  of  acclimatlzln,  the  patients  to  hypoxia  by  de¬ 
grees,  they  were  driven  up  to  various  altitudes  on  El'brus  —  to  Novyy 
Krugozor  (3000  m)  and  to  Pik  "105”  (3500  m  above  sea  level),  where  they 
stayed  for  two  days  in  each  case  while  the  observations  continued.  It 
is  necessary  to  note  that  at  the  3000-3500  m  altitude  end  even  at  Ledo- 
vaya  baza  (3900  m),  to  which  some  of  the  patients  climbed  under  their 
own  power,  they  felt  better  than  they  had  at  Terskol. 

It  was  established  as  a  result  of  the  observations  made  on  the  pa¬ 
tients  that  prolonged  sojourns  (30  days)  in  a  mountainous  locality  at 
an  altitude  of  2000-3500  m  above  sea  level  has  a  favorable  Influence  on 
the  course  of  the  disease.  Improvements  appeared  in  l4  patients:  the 
frequency  and  sharpness  of  the  attacks  decreased  and  the  bronchitis 
phenomena  abated.  A  considerable  Improvement  appeared  In  four  patients 
(two  of  them,  did  not  suffer  a  single  attack  in  the  mountains,  although 
the  attacks  had  recurred  dally  at  Kislovodsk).  The  asthmatic  condition 
disappeared  in  two  others,  having  lasted  a  week  or  more  before  the  ex- 
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pedltlon.  Mild  attacks  did  occur  in  these  patients,  but  they  were 
quickly  cured  on  administration  of  theophedrlne,  whereas  it  had  been 
necessary  at  Kislovodsk  to  resort  to  adrenaline  injections  as  often  as 
20  times  a  day. 


Pi  1.  Changes  in  skin  allergy  tests  in 
bronchial  asthma  patients  in  the  mountains, 
read  20  minutes  after  application  of  the 
allergen  (15  individuals),  a)  Initial  data; 
b)  Terskol,  2000  m,  second  day;  c)  Terskol, 
tenth  day;  d)  Novyy  Krugozor,  3000  m,  19th 
day. 

The  stay  In  the  mountains  produced  no  marked  Improvement  in  three 
patients.  This  Is  obviously  to  be  accounted  for  by  the  fact  that  one  of 
them  (female)  had  suffered  an  inflammation  of  the  lungs,  while  in  two 
others  the  general  condition  had  deteriorated  au  the  end  of  the  expedi¬ 
tion  as  a  result  of  the  rainy  and  cold  weather.  Only  one  (female)  pa¬ 
tient  showed  a  deterioration  in  condition  that  was  related  to  her  age 
(51  years)  and  age-connected  disorders  (atherosclerosis  of  the  blood 
vessels  of  the  brain  and  of  the  coronary  vessels) . 

Laboratory  studies  made  on  22  patients  (two  patients  were  obliged 
to  return  to  Pyatigorsk  by  the  severity  of  the  concomitant  complaints) 
indicated  that  in  those  asthmatics  for  whom  scarification  tests  run  at 
Pyatlgorsk-Kislovodsk  before  the  expedition  produced  positive  and 
slightly  positive  allergic  results  within  20  minutes  to  24  hours  after 
application  of  the  allergens  there  was  a  decrease  in  the  intensity  of 
the  allergic  tests,  usually  with  a  progressive  passage  into  the  negative- 
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reaction  region  (Fi,^.  1)  ao  they  were  ;:ubee- 
quentiy  taken  to  increased  altitudes  and  with 
increasing  time  of  residence  in  the  mountalr.s. 

Changes  in  the  composition  of  the  bron¬ 
chial  asthma  patients*  peripheral  blood  as  a 
function  of  the  extent  of  acclimatization  to 
the  mountain  climate  were  also  distinctly  man¬ 
ifest.  In  most  of  them,  with  increasing  alti¬ 
tude  and  increasing  sojourn  time  in  the  moun¬ 
tains,  we  observed  an  increase  in  the  erythro¬ 
cyte  and  reticulocyte  counts  and  the  hemoglo¬ 
bin  percentage.  However,  the  content  of  the 
latter  did  not  increase  concurrently  with  the 
increase  in  erythrocyte  count  in  all  cases, 
and  In  some  instances  this  resulted  in  a  ce- 
crease  in  the  color  index.  The  number  of  reticulocytes  had  Increased  by 
a  factor  of  2. 5-4. 5  in  the  peripheral  blood  on  the  19th  day  of  the  so¬ 
journ  in  the  mountains  at  the  3000-m  altitude,  with  a  left  shift  in  the 
reticulocyte  formula. 

As  for  the  morphological  composition  of  the  while  blood  in  ohe 
asthmatics  d'^lng  their  stay  in  the  mountains,  it  can  be  stated  that 
the  number  of  leucocytes  varied  insignificantly  in  these  persons,  al¬ 
though  a  certain  left  shift  in  the  leucocyte  formula  was  observed. 

It  must  be  emphasized  that  the  increased  eosinophil  count  (5-19/^) 
in  the  blood  of  all  the  bronchial  asthma  patients  observed  before  the 
expedition  —  a  characteristic  of  this  disorder  —  decreased  progressively 
ac  the  asthmatics  renelned  in  the  mountains  (Fig.  2)  and  reached  a  lev¬ 
el  considerably  lower  than  the  initial  level. 

Remove  post- experimental  observation  of  the  patients  Indicated 
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Pig.  2.  Change  in 
eosinophil  count 
in  blood  of  bron¬ 
chial  asthma  pa¬ 
tients  in  the  moun¬ 
tains  (average  da¬ 
ta)  .  a)  Initial  da¬ 
ta;  b)  Terskol, 

2000  m,  second  day; 
c)  Terskol,  tenth 
day;  d)  Novyy  Kru- 
gozor,  3000  m,  19th 
day. 


that  during  the  first  few  days  after  their  return  home,  the  suffoca¬ 
tion  attacks  were  renewed  with  the  same  force  as  before  In  some  of  the 
patients,  but  that  thir  exacerbation  did  not  last  very  long  —  from  a 
few  days  to  one  month.  During  the  following  1-3-6-12  months,  some  of 
the  asthma  patients  felt  considerably  better  than  they  had  before  the 
expedition,  and  others,  while  they  did  suffer  attacks,  experienced  them 
considerably  less  frequently  and  found  that  they  were  milder. 

Our  data  are  in  agreement  with  the  observations  of  Steubll  (191''', 
Ugralldze,  and  Slrotlnln  (1939)  to  the  effect  that  another  allergic  dis¬ 
order,  rheumatism,  is  almost  never  encountered  among  the  local  mountain 
population,  and  that  exacerbation  of  the  rheumatism  does  not  occur  when 
rheumatics  are  taken  to  the  mountains.  According  to  Avetisyan  (1957), 
treatment  of  rheumatic  polyarthritis  at  the  mountain  health  resort  Al¬ 
ma-  Arasan  (  Tlen-Shan  mountains)  at  an  altitude  of  18OO  m  above  sea 
level  gives  an  Inqprovement  In  87^  of  cases.  As  noted  by  Chen'  Tsza-pel 
(1959),  the  phenomenon  of  Artus  is  weaker  in  rabbits  during  their  accli¬ 
matization  to  the  mountain  climate,  an  observation  that  Is  in  agreement 
wit)  our  results. 

CONCLUSIONS 

1.  Long  (30-day)  visits  by  bronchial  asthma  patients  to  a  mountain¬ 
ous  locality  (altitudes  of  2000-3500  m  above  sea  level)  has  a  favorable 
Influence  on  the  course  taken  by  the  disease.  The  asthma  attacks  be¬ 
come  considerably  less  frequent  and  assume  a  milder  nature,  and  bron¬ 
chitis  phenomena  abate. 

2.  The  improvement  in  the  condition  of  most  bronchial  asthma  pa¬ 
tients  in  the  mountains  is  to  be  accounted  for  by  acclimatization  of 
their  organism  :o  hypoxic  conditions;  this  is  Indicated  by  the  manifest 
stimulation  of  adaptation  mechanisms:  Increase  In  erythrocyte  count  and 
hemoglobin  content.  Increase  In  number  of  reticulocytes  with  left  shift 
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of  the  formula, 

3.  A  decrease  in  the  allergic  sensitization  of  the  bronchial-asth¬ 
ma  patient  was  established;  this  is  Indicated  by  weaker  reaction.';  to 
the  skin  patch  tests,  with  a  progressive  change  in  most  patient:;  to 
negative  results,  and  by  the  considerable  decrease  in  the  number  of 
eosinophils  in  the  peripheral  blood,  down  to  values  considerably  lower 
than  the  initial  ones. 

U.  The  problem  studied  la  here  Is  of  definite  practical  importance, 
because,  although  the  majority  of  investigators  now  accept  the  aller¬ 
gic  theory  of  the  origin  of  bronchial  asthma,  the  problem  of  demonstra¬ 
ting  the  organism’s  sensitization  in  bronchial  asthma  and  the  change  in 
the  latter  in  the  treatment  process  has  not  yet  teen  given  adequate 
study. 
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Oil  THE  THERAPEUTIC  PROPHmES  OP  THE  MOUNTAIN  CLIMATE  IN  liYPERTONIA 

M.A.  Aliev 
(Frunze) 

As  long  as  25  years  ago,  N.N.  Slrotinln,  In  his  bood  "Zhittya  na 
visotakh  i  khvorova  visoti"  [Life  at  High  Altitude  and  Altitude  Sick¬ 
ness],  made  reference  to  the  beneficial  effect  of  the  mountain  climate 
in  hypertonia.  Subsequently,  several  papers  confirming  this  view  of  N. 

N.  Sirotlnin  have  made  their  appearance.  Thus,  S.I.  Telyatnlkov  (195^) 
observed  at  one  of  the  mountain  health  resorts  of  Kazakhstan  (13OO  m) 
that  the  arterial  blood  pressure  of  individuals  suffering  from  hyper¬ 
tonia  generally  decreased  during  sojourns  at  the  resort . 

E.  Efendiev,  S.M.  Bedalova  and  D.K.  Akhundov  (1959)  published  the 
results  of  their  observations  of  hypertonics  residing  at  the  health  re¬ 
sort  Istl-Su  (2200  m) .  According  to  these  authors,  the  hlgh-mountaln 
climate  had  a  hypotensive  effect  on  the  hypertonia. 

Kirgizia  is  a  mountainous  country.  It  occupies  the  entire  western 
half  of  the  Tien-Shan  mountain  system  and  part  of  the  Alay  mountain 
range.  Three-quarters  of  the  entire  land  area  of  the  republic  is  at  ele¬ 
vations  above  I5OO  m,  and  slightly  less  than  half  of  it  is  at  altitudes 
of  3000  ra  and  higher.  The  climate  of  Kirgizia  is  characterized  basical¬ 
ly  by  three  features:  sharp  continentallty,  aridity  and  vertical  clima¬ 
tic  zonality. 

Utilization  of  the  Klrgizlan  mountain  climate  for  treatment  pur¬ 
poses  in  hypertonia  is  not  only  of  theoretical  but  also  of  practical 
significance  that  extends  beyond  the  boundaries  of  our  republic.  Sub- 
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stantiatlon  of  the  therapeutic  effect  of  the  mountain  climate  on  hyper¬ 
tonia  will  open  unimaginably  broad  prospects  for  the  use  of  mountain 
health  resorts  in  a  number  of  republics  (Kirgizia,  Uzbekistan,  Tadzhi¬ 
kistan,  Georla  and  Armenia) ,  All  of  this  provided  Impetus  for  the  or¬ 
ganization  of  six  scientific  expeditions  made  in  1955-1961  to  locali¬ 
ties  in  the  high  mountains  of  Kirgizia,  in  which  over  100  hypertonic 
and  healthy  (subsequently  operated  upon  in  the  mountains)  animals  to 
those  high  altitudes. 

METHOD 

The  renal  form  of  experimental  hypertonia  was  produced  in  dogs  by 
collapsing  one  or  both  kidneys  with  a  rubber  capsule.  The  arterial  pres¬ 
sure  was  determined  by  auscultation  on  the  carotid  artery,  which  was  di¬ 
verted  into  a  skin  pouch.  Pressodepressor  tests  were  performed  using 
such  pharmacological  agents  as  adrenaline  and  nitroglycerine,  mazatone 
and  aminazlne.  The  cholinesterase  activity  of  the  blood  serum  was  de¬ 
termined  by  a  chemical  technique. 

RESULTS  OF  EXPERIMENTS 

First  to  be  ascertained  experimentally  was  the  influence  of  moun¬ 
tain  climatic  factors  at  various  altitudes  upon  the  manifestation  of 
the  renal  form  of  hypertonia.  Thus,  under  the  conditions  of  an  alti¬ 
tude  of  1800  m  above  sea  level,  the  appearance  and  development  of  hyper¬ 
tonia  was  distinctly  retarded  in  all  six  of  the  dogs  In  which  unilater¬ 
al  renal  Ischemia  had  been  produced.  The  arterial  pressure  in  these  an¬ 
imals  even  remained  in  the  range  of  physiological  fluctuations  a  month 
after  the  operation:  systollc/dlastollc  =  (3  +  5.6)/(5  +  3.7  mm);  p  > 

0.5  and  0.25. 

At  the  town  of  Frunze,  surgical  intervention  on  the  kidney  had  pro¬ 
duced,  within  a  month  after  the  operation,  a  permanent  Increase  in  ar¬ 
terial  pressure:  (+38  +  4.6  mm)/(+28  +  4.8  mm);  p  >  0.001,  i.e.,  mani¬ 
fest  hypertonia. 
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Factors  in  the  mountain  climate  at  2700  m  above  sea  level  a]::o 
have  a  delaying  effect  on  the  development  of  renal- hypertonia .  Thus, 
unilateral  Ischemlzatlcn  of  a  kidney  was  not  capable  in  any  of  the  four 
dogs  of  causing  disturbances  to  vascular  tone,  and  hypertonia  did  not 
resolve  Itself  out.  A  month  after  the  operation,  the  average  values,  of 
the  abnormally  high  arterial  pressure  did  not  reach  a  level  that  might 
be  taken  as  a  criterion  of  the  hypertonic  state. 

The  retarding  Influence  of  the  mountain  climate  on  the  appearance 
of  hypertonia  after  unilateral  and  bilateral  renal  ischemizat ion  was 
verifl  at  an  altitude  of  3200  m  above  sea  level.  Hypertonia  did  not 
develop  In  any  of  three  dogs  with  one  kidney  collapsed,  just  as  in  the 
case  of  the  l800  and  2700-meter  altitudes.  Collapsing  both  kidneys  in 
three  dogs  resulted  In  a  stable  Increase  in  arterial  pressure,  i.e., 
hypertonia  (l80-200  mm  Hg) .  In  the  town,  unilateral  renal  ischemlza- 
tion  had  produced  an  arterial  pressure  increase  to  l80  mm,  while  the 
bilateral  operation  raised  it  to  250  mm  Hg. 

Thus,  the  mountain  climate  or  even  a  complex  of  altitude  factors 
has  a  retarding  Influence  on  hypertonia  stemming  from  unilateral  kid¬ 
ney  damage.  In  bilateral  kidney  damage,  hypertonia  develops,  as  a  rule, 
without  any  noticeable  signs  that  it  is  being  suppressed. 

The  delaying  effect  also  extends  to  other  forms  of  experimental 
hypertonia.  Thus,  at  an  altitude  of  3500  m  above  sea  level,  the  develop¬ 
ment  of  desoxycortlcosterone  (injections  of  DOF  over  35  days)  and  renal- 
desoxycorticosterone  (unilateral  renal  Ischemization,  Injection  of 
DOK)  hypertonias  is  clearly  retarded.  It  has  also  been  established  that 
the  mountain  climate  has  a  therapeutic  effect  on  renal  hypertonia  pro¬ 
duced  even  befor’=‘  the  ascent  to  high  altitude. 

Keeping  four  dogs  with  a  mild  form  of  hypt  r\.onia  (ischemization 
of  one  kidney)  at  an  altitude  of  l800  ra  above  sea  level  resulted  in  nor- 
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mallzatlon  of  their  arterial  pressure.  Thus,  on  the  fortieth  day,  the 
average  values  of  the  hypotensive  effect  in  these  animals  were  as  fol¬ 
lows:  with  respect  to  systolic  pressure  44  +  6.3  wn  (with  p  >  O.Ol), 
and  with  respect  to  diastolic  pressure  35  +  7.5  mm  Hg  (with  p  >  0.02). 
In  control  dogs  left  in  town,  the  pressure  remained  abnormally  high. 

Under  the  conditions  of  the  2700  m  altitude,  we  verified  the  ef¬ 
fectiveness  of  mountain  climate  therapy  in  a  more  severe  form  of  renal 
hypertonia  produced  by  Ischemltizing  both  kidneys.  It  should  be  notea 
that  a  hypotensive  effect  was  observed  in  this  form  of  hypertonia  only 
during  the  latter  part  of  the  sojourn  (on  the  39th  to  69th  days)  at  the 
2700-m  altitude.  The  average  values  of  the  arterial-pressure  decrease 
in  five  dogs  with  hypertonia  on  the  55th  day  in  the  mountains  (2700  m) 
were  as  follows:  in  systolic  pressure  49  +  15.8  nm  and  in  diastolic 
pressure  46  +12.8  mm  Hg  (with  p  >  0.02). 

Climate  therapy  of  both  forms  of  renal  hypertonia  (unilateral  and 
bilateral  renal  Ischemlzation)  was  tested  under  the  conditions  of  a 
3200-m  altitude.  Hypertonia  produced  by  collapsing  a  single  kidney  (4 
dogs)  "was  cured"  considerably  more  quickly  than  Its  more  severe  form 
-  that  stemming  from  collapse  of  both  kidneys  (3  dogs).  The  average  val 
ues  of  the  hypotensive  effect  (n  =  7)  on  the  68th  day  were  30  +  8  mm 
(with  p  >  0.01)  In  systolic  pressure  and  23  +  6  mm  (with  p  >  0.02)  In 
diastolic  pressure.  In  the  five  control  animals  left  behind  in  town, 
the  pressure  remained  at  the  hypertonic  level  at  all  times. 

Thus,  the  climate  of  the  high  mountains,  which  constitute!?  1  com¬ 
plex  of  atmospheric  factors  (subnormal  barometric  pressure,  intense 
sunlight,  negative  ionization  of  the  air,  moderate  temperature,  etc.) 
may  be  characterized  by  a  therapeutic  effect  on  hypertonia.  We  must, 
however,  state  the  reservation  that  such  effective  climate  therapy  in 
the  renal  form  of  experimental  hypertonia  was  found  to  be  possible  only 
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during  the  summer  (July- August ) .  As  a  rule,  we  observed  relapslve  In¬ 
creases  in  arterial  pressure  In  previously  "cured"  dogs  early  In  the 
onset  of  cooler  weather  In  the  mountains  (September-October) . 

Our  data  indicated  that  Invoking  hypertonia  of  both  kidneys  Into 
the  pathogenetic  chain  rese.lts  in  the  development  of  a  hypertonic  state 
even  under  the  conditions  of  the  mountain  climate  or.  In  other  words, 
the  mountain  climate  was  found  to  be  "powerless"  before  hypertonia  de¬ 
veloped  by  bilateral  injury  to  the  kidneys. 

In  view  of  this,  we  made  It  our  task  to  provide  effective  preven¬ 
tive  measures  against  renal  hypertonia  by  reinforcing  the  "antihyper¬ 
tensive"  effect  of  the  mountain  climate  with  certain  hypotensive  agents 
Thus,  a  i\ew  problem  arose:  that  of  mountain  climatic  and  pharmacological 
prevention  of  experimental  renal  hypertonia.  Out  of  the  battery  of  phar 
macologlcal  agents  we  settled  upon  two  preparations:  amlnazine  and  re- 
serplne. 

A  number  of  authors  have  reported  on  the  hypotensive  property  of 
amlnazine  (Kurvuaz’ye,  Mayer  et  al.,  M.D.  Mashkovskly  et  al.,  I.P. 
Anokhina,  V.N.  Mentova  and  others) .  As  concerns  reserplne,  however.  It 
has  now  been  acknowledged  one  of  the  best  of  the  most  powerful  hypoten¬ 
sive  agents  (A.L.  Myasnlkov,  V.V.  Zakusov,  M.D.  Mashkovskly,  K.N.  Zamys 
lova,  Z.A.  Il’lna,  Vakil',  Arnold,  Dev,  Mayei’  et  al . ) . 

The  mountain  base  at  which  this  series  of  experiments  was  set  up 
was  located  at  an  altitude  of  3500  m  above  sea  level.  A  total  of  11 
dogs  were  experimented  with.  Pour  dogs  received  amlnazine  In  a  dose  of 
1  mg/kg  per  day  between  tw^  operations  (renal  Ischemlzatlon) ,  and  It 
was  administered  to  four  other  dogs  in  the  same  dose  after  the  bilater¬ 
al  operation.  Three  dogs  served  as  a  control. 

Let  us  first  dwell  upon  the  results  obtained  from  the  first  ver¬ 
sion  of  amlnazine  prophylaxis  for  renal  hypertonia.  Prescription  of 
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aminazlne  between  the  two  operations  (for  days)  delayed  the  appear¬ 
ance  of  hypertonia  by  16-20  days,  while  It  arose  a  week  after  the  sec¬ 
ond  operation  In  the  control  dogs.  The  second  preventive  variant  (pre¬ 
scription  of  aminazlne  after  two  operations  on  the  kidneys)  proved  less 
effective  (in  the  sense  of  the  delay  before  the  appearance  of  hyperton¬ 
ia).  However,  even  this  variant  of  prophylaxis  was  found  to  be  expedi¬ 
ent  In  that  It  limited  the  possible  pressor  shifts. 

Thus,  the  arterial  pressure  had  risen  by  83  +  25  mm  (systolic)  and 
66  +  19  mm  Hg  (diastolic)  (p  >  0.01)  as  compared  with  the  Initial  level 
in  the  control  animals  by  the  43th  day  after  collapse  of  the  second 
kidney.  On  the  other  hand.  In  the  experimental  animals  that  had  re¬ 
ceived  aminazlne  after  two  operations,  the  pressor  shifts  at  this  time 
were  only  34  +21  (p  >  0.5)  and  31  +15  (p  >  0.25),.  respectively.  In 
the  dogs  that  received  aminazlne  between  operations,  the  pressor  shifts 
were  even  smaller  —  17  and  l4  mm  Hg  (p  <  0.25  aiid  0.5). 

The  combination  of  mountain  climate  therapy  with  medication  (amin¬ 
azlne  and  reserplne)  produces  clear-cut  results  in  any  form  of  renal- 
hypertonia.  Thus,  prescription  of  aminazlne  at  an  altldue  of  3500  m 
f'auses  the  arterial  pressure  to  decrease  sooner  in  the  treated  dogs 
than  In  the  control  dogs  (M.A.  Aliev).  Nevertheless,  aminazlne  therapy 
for  ’'Ypertonla  •*  s  less  effective  under  mountain  conditions  than  treat¬ 
ment  with  reserplne.  It  Is  sufficient  to  administer  O.O8  mg  of  reser¬ 
plne  per  day  to  cause  total  disappearance  of  the  hypertonia  within  two 
weeks  when  It  Is  produced  by  collapsing  both  kidneys  (T.P.  Kalmykova). 

Parallel  study  of  the  neurohumoral  shifts  indicated  that  the  favor¬ 
able  effect  of  the  mountain  factors  Is  accompanied  by  functional  shifts 
In  the  central  vasoregulatory  mechanisms.  For  example,  when  animals  with 
hypertonia  are  kept  under  mountain  conditions  (2700-3500  m) ,  the  pressor 
reaction  to  adrenaline  and  mesatone  is  suppressed  to  a  marked  degree 


and,  conversely,  the  depresnor  r'^  'ictions  to  nltroglycorine  and  amJ  na- 
zlne  are  clearly  enhanced. 

A  decrease  In  the  cholinesterase  activity  of  the  blood  la  a  favor¬ 
able  biochemical  shift  In  experimental  hypertonia  (Ye. A.  Kakuahklna, 
N.V,  Il'chevlch).  Effective  mountain  climate  and  pharmaceutical  treat¬ 
ment  of  renal  hypertonia  vlso  reduces  the  cholinesterase  activity  of 
the  blood  serum. 

Thus,  N.N,  Sirotlnln  was  absolutely  correct  when  he  remarked  at  a 
1955  conference  on  hypoxia:  ”We  are  still  underestimating  the  prophyl¬ 
actic  and  therapeutic  Importance  of  the  mountain  climate," 

Our  experimental  data,  which  were  collected  In  the  course  of  peri¬ 
odic  expeditions  (1955-1961)  Into  mountainous  regions  of  central  Tien- 
Shan,  as  well  as  the  data  of  N.V.  Il’chevlch  and  M.A.  Kondratovlch, 
who  demonstrated  the  hypotensive  Influence  of  the  El'brus  mountain  cli¬ 
mate  (1961),  provide  full  confirmation  for  the  above  statement  of  N.N. 
Sirotlnln  and  may  be  cited  as  experimental  Justification  for  practical 
use  of  mountain  climate  factors  for  the  prevention  and  treatment  of 
hypertonia. 
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DISTINCTIVE  CHARACTERISTICS  OP  OXYGEN  SUPPLY  TO  THE  ORGANISM  IN  PATIENTS 
WITH  CARDIAC  VALVE  DEFECTS  UNDER  THE  CONDITIONS  OP  THE  MOUNTAIN  CLIMATE 
A.Yu.  Tills,  M.M.  Mlrrakhlmov  and  A.D.  Dzhaylobayev 
'  (Frunze) 

I  *  There  is  a  voluminous  body  of  literature  devoted  to  the  problem  of 

the  Influenc'^  of  hypoxia,  and.  In  particular,  its  hypoxic  form,  on  the 
1  various  functions  of  the  organism.  However,  most  authors  have  studied 

i  the  influence  of  hypoxia  on  healthy  Individuals,  and  then  chiefly  under 

<*  hypobaric-chcimber  conditions. 

■4  Adequate  study  has  been  devoted  to  the  changes  in  the  functioning 

i  of  the  cardiovascular  and  nervous  systems  (N.N.  Slrotlnln,  N.V.  Lauer, 
A.Z.  Kolchlnskaya,  A.Qrol'man,  K.  Vlzlnger,  Garrison  and  Blelok  et  al.), 

,,  the  respiratory  function  (A.D.  Slonim,  O.N.  Pavlova,  A.I.  Israel',  S. 

^  Monge,  A.  Hurtado,  Holden  and  Priestley  et  al.),  and  to  changes  on  the 
part  of  the  blood  system  and  disturbances  to  certain  other  functions  of 

f 

the  organism  (P.I.  Yegorov,  G.Ye.  Vladimirov,  I.M.  Dedyulin,  Kh.  Dal'- 
vlg  and  others).  All  of  these  investigations  are  of  extremely  great  im¬ 
portance  in  cla."ifylng  the  mechanisms  by  virtue  of  which  healthy  indi¬ 
viduals  adapt  to  altered  environmental  conditions. 

However,  the  literature  contains  very  few  studies  planned  to  in¬ 
vestigate  the  nature  of  the  adaptive  mechanisms  that  permit  humans  to 
live  and  work  under  the  conditions  of  mountainous  regions  when  they  are 
suffering  from  one  or  another  Illness.  Cardiovascular  disease,  in  which 
precisely  those  systems  that  participate  most  directly  in  the  process 
of  acclimatization  to  the  high  mountains,  is  of  particular  Interest. 
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According  to  R.  Qerbst,  who  otudied  the  Infiuerico  ol'  oxygori  ;ri.;of- 
flciency  on  patients  with  cardiac  Insufficiency  In  the  hypobarlc  cham¬ 
ber,  and  according  to  the  data  of  P.  Atland,  B.  Glgman  and  I.  Roshe, 
who  studied  animals  with  aortal  insufficiency,  hypoxia  cause;;  the  .'ievel- 
opment  of  more  alstlnct  circulatory  function  dls . urbances,  and  does  so 
with  a  higher  oxygen  content  In  the  blood  than  in  the  case  of  healthy 
individuals . 

Our  Investigations  made  it  their  objective  to  ascertain  the  nature 
of  the  organism's  oxygon  supply  in  patients  with  cardiac  valve  defects 
who  had  lived  for  a  long  time  (since  birth)  in  mountainous  regions  of 
Tlen-Shan.  A  total  of  64  patients  were  studied.  Of  these,  31  individ¬ 
uals  were  in  Rybach'ye,  which  is  situated  at  an  altitude  of  I65O  m  (at¬ 
mospheric  pressure  63O  mm  Hg),  and  33  were  at  Naryn  (2050  m)  (atmospher¬ 
ic  pressure  595  mm  Hg) .  The  patients  were  classified  into  five  groups 
in  accordance  with  the  degree  of  circulatory  insufficiency  (after  G.F. 
Lang) . 

The  gas  metabolism  of  all  patients  was  studied  by  the  Douglas-Hol- 
den  method,  with  determination  of  the  amount  of  oxygen  absorbed  by  the 
organism  in  one  minute,  followed  by  appropriate  calculations  (through 
the  heat  equivalent  of  oxygen)  to  determine  the  basal  metabolism.  Fur¬ 
ther,  in  view  of  the  existing  relationship  between  the  oxygen  supply 
to  the  organism  and  hemodynamics,  we  also  studied  certain  indices  des¬ 
criptive  of  the  functioning  of  the  cardiovascular  system:  arterial  and 
venous  pressure,  blood  stream  rate  (by  the  garlic  and  saccharine  method, 
separately  for  the  pulmonary  and  greater  circulations),  and  the  heart 
minute  volume  by  the  gas-analysis  method  after  I. I.  Khrenov.  We  Juxta¬ 
posed  the  results  with  those  of  investigations  conducted  under  the  same 
conditions  on  healthy  individuals  (139  cases).  We  also  had  a  so-called 
control  group  of  heart  patients  whose  gas  metabolism  and  hemodynamics 
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were  studied  at  Tashkent,  which  Is  situated  in  the  foothill  region  of 
Tien-Shan. 

According  to  L.A.  Molchanov,  the  yearly  average  atmospheric  pres¬ 
sure  at  Tashkent  Is  721  mm  Hg.  To  exclude  the  additional  effect  of  high 
temperature  in  the  surrounding  air,  this  group  of  patients,  which  com¬ 
prised  27  individuals,  was  investigated  during  the  winter  at  a  bedroom 
temperature  of  17-19°C. 

Having  studied  the  functioning  of  the  circulatory  system  in  heart 
patients  under  the  conditions  of  the  Tien-Shan  foothills,  we  were  able 
to  establish  a  distinct  relationship  between  the  changes  that  made  their 
appearance  and  the  degree  of  circulatory  insufficiency. 

Thus,  in  patients  with  compensation  effects  and  in  circulatory  in¬ 
sufficiency  of  degree  I,  we  were  unable  to  discern  any  substantial 
deviations  of  the  hemodynamic  indices  studied  from  those  of  healthy  per¬ 
sons.  The  values  of  the  arterial  and  venous  pressures,  the  blood  stream 
rate  and  the  heart  minute  volume  remain  within  the  so-called  normal 
range.  In  other  patients,  as  we  pass  frcxn  one  degree  of  circulatory  in¬ 
sufficiency  to  another,  we  note  a  progressive  and  consistent  decrease 
in  the  blood  stream  rate  and  Increases  of  acute  disorganization  of  the 
blood  supply,  the  blood  stream  tlm*-  reaches  its  highest  values  (35-^0 
sec,  averaging  33  sec). 

The  venous  pressure  varies  in  accordance  with  the  gravity  of  the 
Illness  and  the  degree  of  cardiovascular  insufficiency.  In  patients 
with  degree  IIA  circulatory  insufficiency,  the  venous  pressure,  although 
corresponding  closely  to  the  data  observed  in  healthy  individuals,  is 
considerably  in  excess  of  the  pressures  obtained  on  patients  of  the  pre¬ 
ceding  group.  In  the  next  group  (degree  IIB) ,  the  venous  pressure  reach¬ 
es  even  higher  values,  fluctuating  from  98  to  236  mm  of  water  (averaging 
170  mm  of  H2O) .  The  highest  figures  were  obtained  on  patients  with  de- 
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Cree  III  circulatory  Insufficiency  (232  mm  H2O) . 

A  more  complete  conception  of  the  circulatory  system's  functional 
state  was  obtained  In  studying  the  heart  minute  volume.  In  our  -tudles 
of  patients  with  heart-valve  defects,  attention  is  drawn  to  the  small 
amount  of  blood  expelled  by  the  heart  each  minute.  As  compared  with  the 
normal  circulatory  volume  computed  from  I. I.  Khrenov's  tables,  most  of 
the  heart  patients  have  heart  minute  volumes  reduced  by  In  only 

two  patients  does  this  Index  vary  within  normal  limits  or  slightly  ex¬ 
ceed  them.  Our  data  are  In  complete  agreement  with  figures  cited  in  the 
literature  (O.P.  Lang,  A. A.  Miller  and  M  P.  Kapost,  Ye.G.  Etlnger  and 
Ya.I.  M.az€l*,  K.H,  Genin,  Reyll  et  al . ) . 

A  considerable  drop  in  heart  minute  volume  indicates  that  the  work 
of  the  cardiovascular  system  has  become  extremely  difficult  in  the  pa¬ 
tient?  with  cardlf-s  valve  defects.  At  the  same  time,  even  when  the  path¬ 
ological  process  takes  a  very  severe  course  In  cardiac  insufficiency, 
the  amount  of  oxygen  absorbed  not  only  does  not  decrease,  but  frequent¬ 
ly  even  Increases  as  compared  to  the  normal  values  (by  5-215^) .  This  in¬ 
crease  In  the  amou.nt  of  absorbed  oxygen  would  hardly  satisfy  the  pa¬ 
tient's  oxygen  requirement,  since,  according  to  V.Kh.  Vasilenko,  the 
phenomena  observed  In  oxygen  starvation  of  the  organism  make  their  ap¬ 
pearance  In  circulatory  Insufficiency,  even  in  the  quiescent  state.  It 
must  be  acknowledged,  however,  that  at  a  barometric  pressure  of  720 
mm  Hg  the  gas  metabolism  of  the  cardiac  patients  Is  found  to  be  at  the 
necessary  level.  This  circumstance  is  characteristic  for  the  conditions 
of  the  Tlen-Shan  foothills.  As  was  Indicated  by  our  investigations  (A. 

Yu.  Tills),  such  compensation  Is  achieved  at  the  expense  of  utilization 

• 

of  the  blood  system's  reserves;  the  coefficient  of  oxygen  utilization 
In  the  tissues  rises,  the  arteriovenous  oxygen- content  dlflerence  in¬ 
creases,  the  dissociation  of  oxyhemoglobin  Is  made  easier;  given  high 
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oxygen  capacity,  delivery  of  the  necessary  amount  of  oxygen  Is  made  con¬ 
siderably  easier  as  a  result.  Augmentation  of  breathing  must  be  ascribed 
great  importance  in  the  regulation  of  the  oxygen  budget  in  patients  with 
cardiac  valve  defects. 

It  was  made  clear  that  the  respiratory  minute  volume  in  cardia  ; 
patients  exceeds  the  necessary  values  by  38-7^5^  under  the  foothills  con¬ 
ditions.  However,  this  amplification  of  pulmonary  ventilation  is  of 
little  effect,  since  the  utilization  coefficient  of  oxygen  from  the  ven¬ 
tilated  air  settles  at  a  very  low  level  (27  Instead  of  38,  as  in  healthy 
individuals) . 

As  concerns  the  distinctive  characteristics  of  the  organism's  oxy¬ 
gen  supply  and  the  state  of  its  hemodynamics  in  circulatory  Irsufficien- 
cy  under  mountain  conditions,  we  succeeded  in  establishing  a  certain  de¬ 
pendence  of!  the  changes  that  made  their  appearance  upon  the  patients' 
histories  of  residence  at  various  altitudes. 

Thus,  at  the  town  of  Rybach'ye  (altitude  I65O  m),  the  cardiac- valve 
patients  showed  a  decrease  in  blood  stream  rate.  With  increasing  severi¬ 
ty  of  the  pathological  process,  the  slowdown  of  the  bloodstream  in  the 
pulmonary  and  greater  circulations  becomes  increasingly  distinct  (19.5 
and  38  sec,  respectively).  A  similar  relationship  was  also  revealed  in 
patients  in  residence  at  Naryn  (altitude  2050  m) .  With  increasing  alti¬ 
tude  and  with  the  consequent  lowering  of  the  oxygen  content  in  the  in¬ 
spired  air,  however,  the  slowdown  in  the  cardiac  patients'  bloodstream 
rate  is  noted  even  in  the  Inslplent  forms  of  circulatory  insufficiency 
and  even  in  cases  that  we  had  reojarded,  on  the  basis  of  their  clinical 
course,  as  compensated  forms  of  the  Illness.  This  circumstance  acquires 
the  greater  significance  as  a  rather  distinct  tendency  toward  accelera¬ 
tion  of  the  bloodstream  was  observed  in  healthy  individuals  with  increa¬ 
sing  altitude. 
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In  view  of  the  fact  that  a  deceleration  of  the  bl ooactr jam  rate, 
according  to  the  testlHJony  of  P.G.  I^ang,  N.D.  Straktieckc,  A.L.  M.ya:> 
nlkov,  B,ye.  Votchal  and  others,  constitutes  a  highly  sensitive  indica¬ 
tor  for  the  diagnosis  of  disorders  of  the  cardiovascular  system,  it 
should  be  acknowledged  that  the  inadequacy  of  circulatory  function  in 
patients  with  cardiac  valve  defects  appears  earlier  with  Increasing  al¬ 
titude  than  under  the  conditions  of  the  Tien-Shan  foothills. 

The  same  conclusion  also  follows  from  analysis  of  the  venous-pres¬ 
sure  figures.  Thus,  in  the  towns  of  Rybach'ye  and  Naryn,  an  increase 
in  th  G  indicator  is  noted  even  in  the  initial  stages  of  disturbance  to 
cardiovascular  function  (l64-l68  mm  instead  of  the  initial  128). 
Further,  the  following  peculiarity  comes  to  light:  at  Rybach’ye,  the 
stagnation  phenomena  are  more  distinctly  expressed  at  a  given  degree  of 
circulatory  insufficiency  than  they  are  under  the  conditions  of  the 
foothills.  With  increasing  altitude  (town  of  Naryn),  the  venous  pres¬ 
sure  remains  abnormally  high  in  the  cardiac  patients,  but  it  Is  not  pos¬ 
sible  to  discern  any  consistent  increase  in  this  pressure  in  connection 
with  increasing  gravity  of  the  pathological  process.  As  follows  from 
our  investigations,  irrespective  of  the  degree  of  the  circulatory  insuf¬ 
ficiency,  the  venous  pressure  remains  at  the  l60-l69-mFi-of-water  level 
in  the  patients  at  Naryn,  while  at  Rybach'ye  it  increases  consistently 
on  passage  freo  one  degree  of  circulatory  Insufficiency  to  another  (from 
l64  mm  HgO  to  224  In  degree  III  patients). 

In  the  clinic,  an  Increase  In  venous  pressure  is  conventionally  ta¬ 
ken  as  one  of  the  early  signs  of  Inslplent  circulatory  insufficiency, 
and  particularly  of  weakening  of  the  right  heart  (V.A.  Val'dnicin,  A.L. 
Vllkovyskly,  A. A.  Vakar  and  others).  In  evaluating  the  venous  pressure, 
however,  it  is  also  necessary  to  take  into  consideration  the  nature  of 
the  venous-tone  change  (G.A.  Malov,  N.N.  Anichkov,  et  al . ) . 
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We  may  advcince  the  hypothesis  that  the  monotonic  variation  that 
we  have  noted  in  the  venous  pressure  in  our  patients  at  Naryn  and  the 
absence  of  an  increase  in  this  index  as  cardiac  deccxnpensation  advan¬ 
ces  are  results  of  the  development  of  venous  hypotonia  as  a  result  oi 
breathing  rarlfled  air. 

It  should  be  noted  that  under  the  conditions  of  the  high  mountains 
of  Kirglzlya,  vascular  tone  is,  according  to  certain  authors,  subnormal 
(M.A.  Aliyev,  M.M.  Mlrrakhlmov,  et  al . ) .  In  our  Investigations,  this 
conclusion  may  also  be  drawn  from  analysis  of  the  arterial-pressure  in¬ 
dices.  In  particular,  healthy  individuals  in  the  town  of  Rybach'ye  and 
Naryn  showed  maximum  arterial  pressures  of  109-112  mm  Hg  and  minimum 
values  of  69-70  mm  Hg,  or  figures  slightly  below  the  generally  accepted 
norms  and  the  values  obtained  in  the  Tien-Shan  foothills  (117  nan  Hg) . 

An  important  fact  is  that  various  fluctuations  in  arterial  pressure 
are  noted  in  cardiac- valve  patients  as  a  function  of  the  altitude  at 
which  the  examination  is  made.  At  the  time  of  Rybach'ye,  this  index  is 
somewhat  higher  than  in  healthy  individuals  and  higher  than  in  patients 
with  the  corresponding  degrees  of  circulatory  insufficiency  examined  in 
the  Tien-Shan  foothills  (120-144  ram  Hg) .  At  the  higher  altitude  (tovn 
of  Naryn),  the  arterial  pressure  remained  essentially  at  the  level  char¬ 
acteristic  for  individuals  who  live  year-round  under  these  conditions 
( 111-128  mm  Hg) . 

Thus,  cardiac  patle  ts  differ  from  healthy  individuals  in  not  show¬ 
ing  a  compensatory  reaction  on  the  part  of  vascular  tone  in  response  to 

the  mountain  climate.  In  all  probability,  the  regulatory  mechanisms  in 
these  patients  have  been  completely  exhausted  or,  even  more  probably, 
they  are  directed  toward  compensati'^n  of  the  basic  distress. 

In  this  connection,  it  is  extremely  important  to  find  out  how  fully 

patients  with  cardiac  valve  defects  are  supplied  with  oxygen  under  the 
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conditions  of  a  mountain  locality.  It  was  found  that  for  a  given  de¬ 
gree  of  circulatory  Insufficiency,  the  gas-metabolism  value  varies  dif¬ 
ferently  depending  on  the  altitude  at  which  the  patients  were  exam.ined. 
On  comparing  the  amount  of  oxygen  actually  absorbed  with  the  "necessary 
amounts"  we  established  that  at  the  town  of  Rybach'ye  (1650  m)  the  gas 
metabolism  was  12-315^  above  normal.  Only  patients  with  the  compensated 
form  of  cardiac  valve  defect  absorb  less  oxygen  than  would  correspond 
to  the  amounts  necessary  for  them.  In  such  patients,  the  gas  metabolism 
deviates  In  the  same  direction  as  In  healthy  Individuals  (see  Table). 

As  the  pathological  process  Increases  In  gravity,  the  amount  of  oxygen 
absorbed  per  minute  Increases  slightly,  with  the  nature  of  the  insip- 
lent  changes  showing  the  same  tendency  as  was  observed  In  the  patients 
under  the  conditions  of  the  Tlen-Shan  foothills. 


Changes  In  Quantity  of  Absorbed  Oxygen  In  Pa¬ 
tients  with  Cardiac  Valve  Defects  under  the 
Conditions  of  the  High  Mountains  and  the  Tlen- 
Shan  Foothills  (in  ml  per  1  min) 
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In  contrast  to  the  above,  the  gas  metabolism  is  subnormal  in  pa¬ 
tients  at  Naryn  for  all  degrees  of  circulatory  insufficiency;  the  pa¬ 
tients  absorb  less  oxygen  than  would  correspond  to  their  needs  and,  what 
Is  most  Important,  less  than  patients  In  Jusu  as  serious  condition  at 
the  town  of  Rybach'ye  (see  Table).  Consequently,  starting  at  the  alti- 


tude  of  2000  m,  we  may  discern  certain  complications  in  the  course  of 
the  fundamental  pathological  process  and  a  greater  degree  of  Impediment 
to  gas  exchange  than  would  be  expected  on  the  basis  of  the  nature  of 
the  disorder  itself.  Changes  in  the  basal  metabolism  also  follow  in  ac¬ 
cordance  with  the  change  in  gas  exchange:  in  the  Tien-Shan  foothills, 
this  index  exceeds  the  necessary  values  by  17-235^  and  at  Rybach'ye  by 
12-lU^,  while  at  Naryn  the  basal  metabolism  is  9-15^  below  normal.  It 
is  highly  indicative  that  the  effectiveness  of  respiration  declines 
markedly  with  increasing  altitude.  Thus,  while  the  utilization  coeffi¬ 
cient  of  the  oxygen  from  the  ventilated  air  was  27  in  patients  with  IIB 
circulatory  insufficiency  under  the  conditions  of  the  Tien-Shan  foot¬ 
hills,  it  drops  to  25  at  Rybach'ye  and  to  only  22  at  Naryn.  This  result 
testifies  to  considerably  more  difficulty  in  the  diffusion  of  oxygen 
through  the  pulmonary  membrane  and  reflects  the  degree  of  stagnation 
phenomena  in  the  pulmonary  circulation. 

The  significant  decrease  in  the  oxygen  utilization  coefficient  in 
the  cardiac  patients  in  the  mountains  is  accompanied  by  an  increase  in 
the  respiratory  minute  volume  (by  55-80J^),  something  that  would  appear 
to  be  a  function  of  the  increase  in  the  organism's  oxygen  supply,  in  ad¬ 
dition  to  other  factors.  As  we  know,  oxygen  supply  is  supported  by  a 
complex  of  systems:  external  respiratory,  circulatory  and  hematopoietic. 
As  would  follow  from  our  studies  in  circulatory  insufficiency,  the  ex¬ 
ternal  respiratory  apparatus  functions  under  the  heaviest  strain,  but 
is  of  low  effectiveness. 

The  circulatory  function  must  be  ascribed  decisive  importance  in 
the  oxygen  budget.  Under  the  conditions  of  the  Tien-Shan  foothills,  how¬ 
ever,  our  patients  with  cardiac  valve  defects  had  subnormal  heart  min¬ 
ute  volumes.  When  this  indicator  was  studied  in  patients  in  the  towns 
of  Rybach'ye  and  Naryn,  we  did  not  obtain  unequivocal  results:  the  heart 
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minute  volume  was  depressed  In  some  of  the  pati-  iil.  ,  hut  '  a  e.:  re  eh 

served  In  which  it  was  higher  than  normal. 

There  is  no  doubt  that  this  problem  require.:  further  elaboratjori 
and  the  use  of  other  research  methods.  Of  importance,  however,  I;:  thf. 
fact  that,  when  faced  oxygen  shortage  in  the  external  atmo.ephere, 

patients  with  cardiac  valve  defects  have  at  their  clJ.hposal  compeneat lo 
mechanlsns  whose  ctlon  supports  gas  exchange  and  the  state  of  hemody¬ 
namics  at  the  level  that  Inevitably  stems  from  the  nature  of  the  patho 
logical  process  Itself,  continuing  to  do  so  up  to  a  certain  altitude. 
This  limiting  altitude  is  2000  m.  Beginning  at  this  level,  cardiac  pa¬ 
tients  in  all  degrees  of  circulatory  insufficiency  show  more  distinct 
difficulty  in  supplying  their  organism  with  oxygen  than  Is  usually  the 
case. 

At  an  altitude  of  I65O  m,  heart-valve  patients  with  complete  com¬ 
pensation  and  those  in  the  initial  forms  of  circulatory  insufficiency 
show  good  adaptation  to  the  environmental  conditions,  while  a  certain 
aggravation  of  the  fundamental  disorder  is  observed  in  degrees  IIB  and 
III.  These  results  stake  out  the  basic  paths  to  be  taken  in  treatment 
of  heart- valve  patients  under  mountain- climate  conditions  —  first  and 
foremost,  along  the  lines  of  oxygen  therapy. 
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ARTERIAL  PRESSURE  NORMS  FOR  NATIVE  INHABITANTS  OP  THE 
MOUNTAINOUS  REGIONS  OF  KIRGIZIA 
A.T.  Tynybekov 
(Frunze) 

Klrglzlya  Is  a  mountainous  country.  Hence  it  is  very  important  to 
study  the  mechanisms  by  which  man  becomes  acclimatized  to  the  high 
mountains.  To  this  day.  It  remains  unclear  whether  the  physiological  In 
dices  to  the  activity  of  the  cardiovascular  system  In  Inhabitants  of 
the  high  mountains  correspond  to  the  values  found  for  lowland  Inhabi¬ 
tants.  Hence  It  Is  necessary  to  make  a  large  scale  study  of  the  popula¬ 
tion  In  mountainous  regions  of  the  republic  (At-Bashln,  Narln  and  the 
Arpa-Akfjay  pastureland  of  the  Tlen-Shan  region,  at  altitudes  of  2000- 
3500  m  above  sea  level)  ’•'Ith  the  object  of  establishing  local  arterial 
pressure  norms. 

Individuals  of  both  sexes,  aged  17  to  92  years,  were  studied.  A 
total  of  53^^  practically  healthy  individuals  were  Included  In  the 
study.  Including  2588  men  and  2756  women.  The  arterial  pressure  was 
measured  by  the  Korotkov  method  in  the  sitate  of  rest,  after  10- 15  min¬ 
utes  of  relaxation.  The  cuff  was  applied  to  the  right  arm  and  the  pres¬ 
sure  measured  In  the  sitting  position  until  stable  figures  were  reached 

In  evaluating  the  data  that  we  had  collected,  we  were  guided  by 
the  arterial-pressure  norms  published  by  A.L.  Myasnlkov,  Ye.r.  Fedorova 
(Moscow);  V.M.  Avakyan,  G.O.  Badalyan  (Armenia),  Z.M.  Volynsk'ly  et  al . 
(Leningrad)  and  V.A.  Khlyupln  (Stavropol').  The  material  was  given  varl 
atlonal-statlstlcal  analysis  (see  Table). 
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It  is  evidmt  frcM  ftble  that  In  the  compact  population  /^rouf*;; 
the  systolic  pressure  Is  9O-I3O  m  Hg  In  the  17- 39-year  age  group.  Thl:; 
arterial  pressure  level  la  observed  In  9^.7-95.8j<  of  men  and  95. 7-98. 4^^ 
of  women. 


Percentage  Distribution  of  Various  Values  for  Systolic  and  Dla^tolio 
Arterial  Pressure  in  Practically  Healthy  Persons  by  Age  Group;; 
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In  the  40-59-year  age  group,  systolic  pressures  In  the  range  from 
90-140  nn  Hg  are  encountered  In  98. 2-98. 9J^  of  men  and  95-985^  of  women. 
For  the  group  60-70  years  of  age  and  over,  systolic  pressures  in  the 
range  from  9O-I5O  mm  Hg  were  registered  in  99. 35^  of  men  and  99.5^6  of 
women . 

Thus,  the  lower  boundary  of  systolic  pressure  Is  90  mm  Hg  for  all 
ages,  while  the  upper  boundary  Is  130  mm  Hg  for  ages  17-39,  l40  mm  Hg 
for  40-59  yeaz»a  and  I50  ran  Hg  for  ages  beyond  60  years. 
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Average  systolic  pressure  values  vary  among  tre  inhabitants  of 
the  mountainous  regions  of  Kirglzlya  from  M  +  m  =  106  +  0.5-122  ^ 

+  0.9  ram  Hg  in  men  and  105  +  0.7-128  +  08  mm  Hg  In  women. 

These  data  show  a  slight  but  consistent  Increase  In  the  average 
systolic  pressure  value  with  Increasing  age  In  persons  of  each  sex; 
the  difference  between  men  and  women  as  regards  systolic  pressure  lev¬ 
el  Is  Insignificant. 

The  diastolic-pressure  boundaries  of  the  compact  groups  at  ages 
17-29  are  50-80  mm  Hg.  These  values  are  encountered  In  96.1-98.5^  of 
men  and  In  97.^-98.8j^  of  women.  A  diastolic  pressure  of  50  mm  Hg  may  be 
regarded  as  the  lower  boundary  of  the  norm,  and  8o  mm  Hg  as  the  upper 
boundary. 

In  the  age  groups  from  30-39  years,  the  lower  diastolic  pressure 
boundary  of  the  compact  groups  Is  6o  mm  Hg  and  the  upper  boundary  8o 
mm  Hg.  Diastolic  pressures  within  these  limits  \;ere  registered  In  9^^ 
of  men  and  93 of  women. 

In  later  age  groups  (40-70  years),  the  boundaries  of  the  diastolic 
pressure  compact  groups  are  60-90  mm  Hg,  figures  that  are  observed  In 
97. 3- 98. 6$^  of  men  and  In  95-98.35^  of  women. 

Consequently,  the  normal  diastolic  pressure  values  at  ages  17-29 
lie  between  50  and  80  mm  Hg,  for  ages  from  30-39  years  between  60  and 
80  mm  Hg,  and  at  age  40  and  older  between  60  and  90  mm  Hg. 

The  average  diastolic  pressure  values  vary  In  the  range  M  +  m  = 

=  60  +  0.7-72  +  0.6  mm  Hg  In  men  and  In  the  range  65  +  0.7-73  +  0.5 
mm  Hg  for  women  (see  Table). 

In  the  Individuals  whom  we  examined,  pulse  pressures  of  35-60 
mm  Hg  were  noted  In  855^  of  men  and  85.55^  of  women;  pressures  below  35 
mm  Hg  were  found  In  li;^  of  men  and  11.2^  of  women,  and  values  higher 
than  60  mm  Hg  were  observed  In  4j^  of  men  and  3.35^  of  women.  The  pulse 
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pressure  Increases  wit;  Increasing  age  irrespective  of  sex. 

Thus,  on  comparison  of  data  secured  in  this  examination  of  the  in¬ 
habitants  of  the  Klrglzian  mountains  with  the  corresponding  indices  for 
inhabitants  of  lowland  areas  (Moscow  and  Leningrad),  we  may  draw  the 
following  Inferences:  the  arterial- pres sure  level,  whether  systolic  or 
diastolic,  is  slightly  lower  in  native  inhabitants  of  the  Kirgizian 
high  mountains  than  In  inhabitants  of  Leningrad  and  Moscow.  These  dif¬ 
ferences  are  observed  particularly  frequently  at  ages  below  29  years; 
in  older  persons,  both  man  and  women,  such  a  difference  is  not  detected. 
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EXPERIMENTAL  DATA  ON  THE  EFFECT  OF  THE  MOUNTAIN  CLIMATE  ON  THE  COURSE 
OF  ARTERIAL  HYPERTONIA  AND  MYOCARDIAL  INFARCT 
N.V.  Il'chevich,  M.Ye.  Kvltnltskiy  and  M.A.  Kondratovich 

(Kiev) 

In  the  mountains,  the  human  organism  is  subjected  to  the  action  of 
set  of  factors  that  produce  changes  in  a  number  of  physiological  func¬ 
tions.  The  changes  in  blood  pressure,  pulse  and  respiration  as  an  effect 
of  ascents  into  the  high  mountains  have  been  studied  by  many  authors 
(Tret 'yakov,  Godden,  Wlggers,  Slrotlnln,  Bykov,  Vereshchagin  and  Bol¬ 
dyrev,  Mlnut-Sorokhtlna,  Gregg,  Gadzhlev,  and  others),  but  the  results 
of  these  researches  have  been  somewhat  contradictory.  Thus,  some  authors 
noted  a  decrease  in  blood  pressure  during  the  sojourn  in  the  mountains, 
while  others  reported  that  it  Increased,  and  so  forth. 

Most  of  the  authors  who  observed  a  rise  in  the  blood  pressure  lev¬ 
el  on  ascent  Into  the  mountains  regard  it  as  one  of  the  manifestations 
of  a  compensatory  reaction  on  the  part  of  the  <"ardlovascular  system  to 
the  drop  in  the  oxygen  partial  pressure. 

The  question  as  to  the  Influence  of  hypoxia  on  the  cardiovascular 
systems  of  healthy  animals  has  been  the  subject  of  numerous  studies 
(Grin  and  Zhll'ber,  Mlkl,  Charnyy,  Van-Llr,  Lauer,  Bukhalovskly,  and 
others) . 

Of  considerably  greater  interest  is  experimental  study  of  the  var¬ 
ious  forms  of  pathology  of  the  cardiovascular  system  under  the  condi¬ 
tions  of  hypoxia.  Only  occasional  studies  have  been  devoted  to  this 
problem  (Smirnov,  Mlterev,  Gurevich  and  Kvltnltskiy,  and  others),  and 
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these  have  been  conducter^  under  l3borat'^<ry  conditiefi  .  in  thu  r  -  '.rJ, 
literature,  the  only  report  known  to  u:-  i:-  that  of  Ali^v,  who  :tuh'od 
the  influence  of  the  high  mountains  ( 1800-3200  m,  Kirglziya)  ori  I ho  de¬ 
velopment  and  course  of  experimental  renal  hypertonia.  The  author-  oon- 
cludes  that  the  higher  the  altitude,  the  slower  is  the  deve lupiao-rit  of 
hypertonia,  and  the  more  rapidly  is  the  arterial  pressure  normalized  Iri 
animals  in  which  hyperton: a  has  already  developed. 

The  present  study,  which  was  carried  out  during  an  Sl'brus  expedi¬ 
tion  of  the  A. A.  Bogomolets  Physiology  Institute  of  the  Academy  of  sci¬ 
ences  Ukrainian  SSR,  was  devoted  to  study  of  the  effect  of  the  mountain 
climate  on  the  dynamics  of  a  number  of  Indices  to  the  functional  state 
of  the  cardiovascular  system  in  dogs  with  experimental  renal  hypertonia 
and  experimental  myocardial  infarct.  Control  studies  were  also  set  up. 

Renal  hypertonia  was  produced  by  application  of  split  silver  rings 
to  the  renal  arteries,  and  myocardial  infarct  by  application  of  a  liga¬ 
ture  to  the  middle  third  of  the  descending  branch  of  the  left  coronary 
artery.  Both  carotid  arteries  were  diverted  Into  skin  pouches  in  all  of 
the  experimental  dogs . 

The  animals  were  examined  twice  at  Kiev:  before  the  operation  v;hose 
purpose  was  to  produce  the  experimental  pathology  of  the  cardiovascular 
system  and  after  it.  Then  the  animals  were  examined  four  more  times:  at 
Terskol  (2000  m  above  sea  level)  at  Novyy  Krugozor  (3200  m) ,  at  Ledova- 
ya  baza  (3900  m)  and  after  the  descent  to  camp  at  Terskol.  The  dogs 
were  examined  again  a  month  after  the  return  tc  Kiev. 

The  dynamics  of  the  experimental  animals'  arterial  blood  pressure 
(maximum  and  minimum)  pulse,  respiration,  reflex  resporse  to  lowering 
of  the  pressure  in  the  carotid  sinus  and  electrocardiograms  war  studied. 

Dynamic  study  of  the  respiratory  frequency  on  the  ascent  to  El'brus 
she  ed  a  consistent  quickening  without  any  distinctive  features  among 
the  various  groups  of  experimental  animals.  The  heart  rhythm  also  quick¬ 
ened  In  all  animals  (including  th  •  control  group),  but  differently  in 
different  groups.  The  sharpest  acceleration  of  cardiac  rhythm  with 
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smoothing  of  the  sinus  arrhythmia  was  noted  in  the  dogs  with  experimen¬ 
tal  hypertonia.  They  showed  distinct  tachycardia  even  before  arrival  at 
Terskol,  and  its  degree  Increased  with  the  ascent  to  Novyy  Krugozor  and 
Ledovaya  baza.  Thus,  the  highest  excitability  of  the  extracardial  ner¬ 
vous  apparatus  on  ascent  into  the  mountains  was  noted  in  experimental 
hypertonia.  Analogous  phenomena  have  been  noted  in  the  hypobaric  cham¬ 
ber  (Gurevich  and  Kvltnltskiy) . 

In  the  dogs  with  myocardial  infarct  (and  in  the  control  group), 
the  arterial  pressure  showed  little  change  with  the  ascent  into  the 
mountains,  although  a  vague  tendency  to  diminish  was  observsd.  This  is 
in  agreement  with  literature  data  on  a  lowering  of  the  reflex  excita¬ 
bility  of  the  cardiovascular  system  after  a  major  branch  of  a  coronary 
artery  has  been  tied  off  (Aronova,  Kozak  and  Il'chevich,  Prol'kls). 
Different  results  were  obtPlned  in  studies  of  the  dogs  with  experimen¬ 
tal  hypertonia.  At  Terskol,  the  arterial  pressure  of  these  animals  had 
either  increased  slightly  (within  10-15  nun)  or  not  changed  at  all,  but 
by  the  time  of  arrival  at  Novyy  Krugozor,  all  dogs  with  arterial  hyper¬ 
tonia  showed  a  distinct  drop  in  arterial  pressure,  by  20-40  mm  Hg.  This 
decrease  was  even  irjre  conspicuous  at  Ledovaya  baza.  At  the  same  time, 
the  slnocarotlc  reflex  (Pig.  1)  had  Increased  considerably  (by  a  factor 
of  1.5-2). 

A  comparison  of  the  dynamic  changes  'n  arcerial  blood  pressure  and 
magnitude  of  slnocarotlc  reflexes  during  the  development  of  experiment¬ 
al  renal  hypertonia  has  been  made  under  laboratory  conditions  by  N.N, 
Gorev  and  his  co-workers.  It  was  established  here  that  during  the  first 
few  months  of  the  development  of  hypertonia,  the  blood  pressure  level 
and  excitability  level  of  ^he  asomotor  center,  the  latter  judged  on 
the  basis  of  the  strength  of  unconditioned  vascular  reflexes,  increase 
concurrently.  Only  in  the  fourth  to  fifth  month  of  the  development  of 
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hypertonia  do  w*.  ot^  .or-vo  jJ  vor?':'  rico  ho- 
tween  theoe  Indice;;.  Wrille  th^-  oxoita- 
billty  of  the  vaoomotor  center  dirnir- 
Ishes,  the  blood  pre;;;:ure  level  '■•ontin- 
ues  to  rise.  This  divergence  1::  account 
ed  for  by  the  fact  that  by  the  fourth 
to  fifth  month  of  the  development  of 
hypertonia,  the  renal  pressor  factor  is 
permanently  "engaged,"  and  this  is  re¬ 
sponsible  for  the  subsequent  rise  in 
blood  pressure. 

In  our  experiments  on  dogs  with 
renal  hypertonia,  it  was  possible  to 
perceive  that  with  Increasing  altitude, 
th«  blood  pressure  level  is  lowered,  while  the  excitability  of  the  vas¬ 
omotor  center,  which  is  determined  by  the  strength  of  the  sinocarotlc 
reflex.  Increases.  These  data  cannot  be  related  to  the  time  point  in 
the  development  of  hypertonia,  since  the  experiments  were  performed  on 
animals  with  hypertonia  of  two  months*  standing,  and,  of  course,  the 
changes  observed  were  totally  different  from  those  manifested  under  lab 
oratory  conditions. 

The  rise  in  the  excitability  of  the  central  nervous  apparatus  reg¬ 
ulating  vascular  tone  as  the  experimental  animals  are  brought  up  to 
higher  altitudes  suggests  that  the  drop  in  blood  pressure  level  observ¬ 
ed  here  cannot  be  accounted  for  simply  'n  terms  of  changes  in  the  func¬ 
tional  state  of  the  central  nervous  system.  An  increase  in  the  excita¬ 
bility  of  the  vasomotor  center  in  the  animals  with  renal  hypertonia 
should  have  promoted  a  rise  in  blood  pressure  and  not  the  contrary. 
Hfnce,  it  is  more  probable  that  a  certain  role  is  taken  by  peripheral 


Pig.  1.  Kie  dog  Pal'ma. 
Renal  hypertonia.  Dynam¬ 
ics  of  arterial  pressure 
in  BID  Hg  and  magnitude 
of  sinus  reflex.  1)  Be¬ 
fore  operation;  2)  after 
operation;  3)  sit  altitude 

of  2CXX)  m;  4'  at  altitude 

of  3200  m;  5  sit  altitude 

of  2900  m;  7)  at  Kiev,  l) 

Maximum  pressure;  2)  mlnl- 
mum  pressure.  The  bars  in¬ 
dicate  the  magnitude  of 
the  sinus  reflex. 
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mechanisms  responsible  for  a  drop  In  arterial  pressure  in  the  animal 
with  renal  hypertonia  under  the  conditions  of  the  high  mountains. 

The  dynamics  of  the  EKG  indices  lx. 
the  experimental  animals  is  also  of  def¬ 
inite  interest.  Particularly  sharp  shifts 
were  noted  in  animals  with  experimental 
pathology  of  the  cardiovascular  system, 
and  in  particular  in  those  with  coronary 
disease  (the  dogs  Al’ma  and  Tarzan) . 

Thus,  even  at  Terskol,  the  dog  Al'ma 
showed  a  discordant  type  of  change  in 
the  EKG  waves  in  the  classical  leads; 
on  the  ascent  to  Novyy  Krugozor  and  Led- 
ovaya  baza,  we  note  dynamic  shifts  in 
the  S-T  Interval  (below  the  level  cf  the 
Isollne  in  derivation  III)  and  the  appearance  of  deep  negative  ^ 
waves,  phenomena  apparently  connected  to  focal  ischemia  of  the  myocar¬ 
dium  in  the  posterior  wall  of  the  heart  against  a  background  of  Insuf¬ 
ficiency  of  the  coronary  collateral  circulation  that  has  arisen  (Fig. 

2). 

On  the  ascent  into  the  mountains,  the  dogs  with  experimental  hyper¬ 
tonia  also  exhibited  (highly  variable)  manifest  dynamism  in  the  ele¬ 
ments  of  the  EKG,  with  sinus  tachycardia  developing  particularly  sharp¬ 
ly  and  consistently  with  increasing  altitude.  Thus,  at  Terskol,  "-he  dog 
Pal'ma,  which  was  afflicted  with  the  renal  form  of  hypertonia,  showed 
a  negative  phase  of  the  T-wave  in  derivations  I  and  II.  When  the  dog 
was  taken  up  to  Novyy  Krugozor,  we  noted  that  all  waves  went  positive, 
while  at  Ledovaya  baza,  together  with  the  acute  tachycardia,  we  obser¬ 
ved  that  the  ^^2-^  waves  had  again  gone  negative  with  a  sharply  positive 
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Pig.  2.  Electrocardl  gram 
of  the  xiog  Al'ma.  Experi¬ 
mental  insufficiency  of 
coronary  circulation,  aj 
EKG  recorded  at  Kiev;  b) 
at  Terskol;  c)  at  Novyy 
Krugozor;  d)  at  Ledovaya 
baza.  I, II, III)  deriva¬ 
tions  . 
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Thus,  myocardial  hypoxemic  changes  of  a  diffuse  or  focal  nature 
arlse  In  animals  with  experimental  myocardial  infarct  and  experimental 
renal  hypertonia  with  ascent  to  altitude  In  the  mountains.  Here  we  ob¬ 
serve  a  lower  excitability  of  the  heart,  but  a  more  distinctly  rranifest 
focal  pathology  In  the  dogs  with  coronary  Insufficiency  as  compared  with 
the  "hypertonic"  dogs. 

In  aumnary,  it  may  be  noted  that  the  mountain  climate  has  distinct 
and  variegated  effects  on  the  functional  state  of  the  cardiovascular 
system,  particularly  when  the  latter  is  in  pathological  states. 

This  problem  Is  of  considerable  practical  and  theoretical  interest 
and  is  no  doubt  worthy  of  further  study. 
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CHANGES  IN  CERTAIN  INDICES  OF  THE  CARDIOVASCULAR  SYSTEM  AND  RESPIRATION 

UNDER  MOUNTAIN  CONDITIONS 

(A  Comparative  Study  in  Schizophrenia  Patients  and  Healthy  Persons) 

S.N.  Sorinson  and  A.P.  Morozov 
(Gor'kiy,  Kiev) 

Over  the  past  several  years,  the  laboratory  headed  by  N.N.  Sirot in- 
in  has  established,  in  experiments  in  the  hypobaric  chamber  and  at  high 
altitudes,  that  schizophrenia  patients  have  excellent  tolerance  for  oxy¬ 
gen  insufficiency  (A.Z.  Kolchlnzkaya  and  S.D.  Rasln,  1952).  Many  pa¬ 
tients  showed  a  permanet  improvement  after  a  sojourn  in  a  mountainous 
locality.  These  observations  provided  impetus  for  a  broad- scale,  compre¬ 
hensive  study  of  the  changes  that  develop  in  the  physiological  and  psy¬ 
chic  functions  of  schizophrenia  patients  under  mountain  conditions. 

The  task  of  the  present  study  was  to  compare  the  changes  in  the  in¬ 
dices  to  the  state  of  the  cardiovascular  and  respiratory  systems  of 
schizophrenics  and  healthy  individuals  at  various  altitudes.  The  changes 
in  respiration  and  blood  circulation  that  appear  quickly  when  the  oxygen 
partial  pressure  is  lowered  are  well  known  from  the  literature  on  the 
mountain  climate.  We  felt  it  would  be  expedient  to  ascertain  whether  the 
nature  and  degree  of  manifestation  of  similar  shifts  in  schizophrenics 
are  the  same  as  those  observed  in  healthy  individuals.  The  study  was  per¬ 
formed  by  one  of  the  teams  of  the  195^  composite  El 'brus  expedition  un¬ 
dertaken  by  the  A. A.  Bogomolets  Physiology  Institute  of  the  Academy  of 
Sciences  of  the  Ukrainian  SSR. 
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METHOD 


The  following  quantities  were  determined:  pul:;fc,  blood  pre::oure 
(on  left  and  right  arms),  pulmonary  vital  capacity,  and  the  maximum 
force  of  the  alrstreara  on  inspiration  and  expiration  (from  data  of 
pneumotac home try  after  B.Ye.  Votchal);  electrocardiograms  were  recorded 
(in  the  three  standard  leads).  Also  studied  was  the  reaction  to  light 
physical  exertion  (12  situps  in  one  minute).  The  reaction  to  exertion 
was  taken  into  account  in  terms  of  the  pulse,  blood  pressure  and  elec- 
trocarlogram  changes.  The  indices  were  determined  immediately  after 
exertion  and  during  the  recovery  period. 

Examinations  were  made  four  times:  in  the  area  of  Terskol  (2000  m 
above  sea  level)  immediately  after  arrival  and  again  four  to  five  days 
later;  at  El'brus  Novyy  Krugozor  (3000  m)  on  the  second  to  third  day 
after  the  ascent;  and  at  Prlyut  Eleven  (4200  m)  on  the  second  day  after 
the  ascent.  Further,  some  of  the  studies  were  repeated  in  the  area  of 
Terskol  after  the  descent.  The  examinations  were  made  during  the  after¬ 
noon  hours,  usually  Just  before  the  evening  meal. 

A  total  of  7  schizophrenics  and  l6  normal  individuals  were  studied. 
The  patient  group  was  ccxnposed  of  men  aged  16-34  years.  All  had  been 
diagnosed  as  schizophrenics  at  a  psychiatric  retreat  (Kiev).  The  stand¬ 
ing  of  the  disease  varied  from  1  year  4  months  to  eight  years.  The  groip 
of  healthy  individuals  consisted  of  ten  men  and  six  women  ranging  in 
age  from  20  to  54  years.  There  were  no  abnormalities  in  the  cardiovas¬ 
cular  systems  and  respiratory  organs  of  any  of  the  subjects,  whether 
schizophrenic  or  normal. 

RESULTS  OP  INVESTIGATIONS 

1.  In  most  of  the  patients,  whether  healthy  or  schizophrenic,  the 
pulse  changes  were  characterized  by  acceleration.  In  the  patient  group, 
the  tachycardia  was  found  to  be  more  distinct  and  occurred  more  fre¬ 
quently  than  among  the  healthy  individuals.  Thus,  at  the  first  examina¬ 
tion,  the  pulse  was  above  90  per  minute  in  all  of  the  schizophrenics, 
ranging  as  high  as  132  beats  per  minute.  During  the  same  period,  the 
pulse  rates  of  the  comparison  group  did  not  exceed  100  per  minute  and 
were  above  90  in  only  half  of  the  subjects.  On  the  repeated  examination 
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at  Terskol,  a  decrease  in  the  tachycardia  was  noted  in  both  groups.  As 
before,  however,  the  pulse  rate  was  comparatively  higher  among  the 
schizoph'^enics .  With  Increasing  altitude,  there  was  another  accelera¬ 
tion  of  .he  pulse,  particularly  at  the  4200-meter  level.  In  the  examin¬ 
ation  at  Priyut  Eleven,  the  schizophrenia  patients  were  again  observed 
to  have  the  most  rapid  pulses  (Table  l) . 

2.  Increases  in  blood  pressure  were  observed  considerably  less  of¬ 
ten  than  quickening  of  the  pulse.  The  shifts  in  the  maximum  pressure 
were  considerably  more  distinct  as  compared  with  the  changes  in  minimum 
pressure.  The  blood  pressures  of  the  schizophrenics  were  observed  to 
rise  less  often  than  those  of  the  healthy  individuals.  At  all  altitudes 
the  maximum  and  minimum  blood  pressure  figures  were  found  to  be  lower 
more  often  in  the  schizophrenics.  The  pulse  pressure  showed  a  certain 
tendency  to  rise  in  the  follow-up  examinations.  The  fluctuations  of 
pulse  pressure  were  approximately  the  same  in  both  groups.  The  differ¬ 
ence  in  the  blood-pressure  indices  as  measured  on  the  right  and  left 
arms  was  within  the  normal  range  (not  over  10  mm  Hg)  in  the  normal  in¬ 
dividuals  and  in  the  schizophrenia  patients.  In  four  schizophrenia  pa¬ 
tients,  a  minor  asymmetry  of  the  blood  pressure  (5-lC  mm)  was  observed 
on  the  first  examination,  and  disappeared  at  the  second  and  reappeared 
in  subsequent  examinations  at  altitudes  of  3000  and  4200  m  (see  Table 
1). 

3.  Signs  of  myocardial  ischemia  were  detected  in  the  electrocardio 
graphic  examination.  The  more  frequent  deviations  were  a  shift  in  the 
S-T  Interval  and  a  decrease  or  inversion  of  the  T-wave,  more  frequently 
in  derivation  III.  Less  often,  we  noted  a  decrease  in  the  R-wave  and 
the  appearance  of  a  high  T-wave.  No  particular  differences  were  noted 
in  the  electrocardiogram  changes  in  the  healthy  persons  and  the  schizo¬ 
phrenia  patients.  The  frequency  and  extent  of  the  electrocardiographic 
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shift:”.  Increased  with  increasing  altitude.  The  larg-.-wt  chaii}'/  ■:  ve.r^  rio¬ 
ted  when  tne  curves  were  registered  at  an  altitude  of  4200  m.  At  thi;: 
level,  the  electrocardiogram  remained  normal  only  In  two  healthy  indj- 
viduals  and  a  single  patient  out  of  the  total  number  of  subject.;.  After 
the  descent  to  Terskol,  the  electrocardiogram  returned  to  normal  in  the 
majority  of  subjects, 

4.  The  reaction  to  physical  exertion  was  manifested  in  a  quicken¬ 
ing  of  the  pulse,  a  rise  in  blood  pressure,  and  the  appearance  or  aggra¬ 
vation  of  electrocardiographic  shifts.  The  changes  were  at  maximum  im¬ 
mediately  after  exertion  and  then  gradually  smoothed  out.  On  the  first 
examination,  the  extent  to  which  the  pulse  was  accelerated  after  exer¬ 
tion  amounted  to  5-305^  of  the  initial  figure.  At  higher  altitudes,  per¬ 
formance  of  the  same  work  frequently  caused  a  quickening  of  the  pulse 
by  40,  50  Mid  60jl.  The  changes  in  blood  pressure  after  exertion  were 
less  strongly  manifest.  The  maximum  pressure  usually  rose  by  3-11^  of 
the  initial  figure.  The  minimum  pressure  frequently  showed  no  change  at 
all  on  performance  of  work.  In  the  cases  In  which  the  minimum  pressure 
rose,  the  increment  after  exertion  was  6-175^  of  the  initial  value.  In 
three  subjects  from  the  healthy  group,  we  observed  a  paradoxical  reac¬ 
tion  to  exertion  in  the  form  of  a  slight  decrease  in  the  minimum  pres¬ 
sure,  and  a  slackening  of  the  pulse  In  one  case.  Mo  Increase  was  obser¬ 
ved  in  the  blood-pressure  changes  after  exertion  as  the  altitude  was 
increased.  Restoration  of  the  initial  pulse  and  blood-pressure  levels 
was  usually  complete  2-3  minutes  after  stopping  work,  and  less  often 
after  4-5  minutes . 

The  electrocardiographic  changes  following  exertion  were  character¬ 
ized  by  the  appearance  or  increase  of  signs  of  myocardi9l  ischemia 
(shift  of  the  ST  Interval,  flattening  or  inversion  of  the  T-wave,  drop 
in  R-wave,  appearance  of  a  high  T-wave).  The  frequency  and  sharpness  of 
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the  electrocardiographic  changes  were  functions  of  altitude.  The 
greatest  changes  following  exertion  were  noted  in  the  electrocardio¬ 
graphic  tests  at  the  level  of  Priyut  Eleven.  At  this  altitude,  exertion 
resulted  in  disturbances  to  the  cardiac  rhythm  in  addition  to  the  is¬ 
chemic  shifts.  In  the  subject  B.,  a  healthy  young  woman  of  26  years, 
a  distinct  sinus  arrhythmia  appeared  after  exertion.  In  the  case  of  the 
patient  T.,  male,  20  years  old,  the  electrocardiogram  taken  after  exer¬ 
tion  registered  ventricular  extrasystoles.  After  the  descent  to  Terskol, 
performance  of  physical  work  produced  no  changes  on  the  electrocardio¬ 
gram  in  most  cases. 

The  reaction  to  physical  exertion  was  of  the  same  type  in  both  of 
the  subject  groups.  The  schizophrenia  patients  frequently  showed  a  less 
distinct  reaction  than  the  normal  individuals.  The  amount  by  which  the 
pulse  quickened  was  often  smaller,  shifts  of  the  maximum  pressure  were 
more  frequently  absent,  and  the  paradoxical  reaction  to  exertion  was 
not  observed.  The  nature  and  frequency  of  the  electrocardiographic 
changes  after  exertion  were  identical  in  the  two  groups. 

5.  The  pulmonary  vital  capacity  underwent  no  changes.  In  almost 
all  of  the  subjects,  healthy  individuals  and  schizophrenia  patients 
alike,  the  spirometry  results  were  in  conformity  with  the  norms.  With 
increasing  altitude,  the  pulmonary  vital  capacity  either  remained  un¬ 
changed  or  showed  minor  fluctuations,  either  increasing  or  decreasing. 

The  pneumotachometry  data  present  a  certain  amount  of  interest  to 
the  extent  that  we  have  been  unable  to  find  any  literature  indications 
regarding  the  maximum  force  of  the  air  stream  under  mountain  conditions. 
According  to  our  data,  the  maximum  air  stream  force  on  expiration  is 
normally  4-8  liters/sec,  while  that  on  inspiration  is  3-6  llters/sec. 

The  force  of  expiration  always  exceeds  that  of  inspiration,  with  the 
result  that  the  coefficient  expressing  this  ratio  is  always  greater 
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1)  Name:  2)  ijox;  3)  ag*-',  year.;;  4)  puliu?;  5)  at  n  .-.t;  (A  afLf  r  <:K<  r- 
tion;  7)  blood  pressure;  8)  patient  group;  9)  Ch-t ' ;  10)  malr  ;  Jl)  T-'j; 
i2|  Sh-a;  13)  P-v;  l4)  U-v;  15)  P-v;  l6)  P-y;  17)  normal  group;  1'')  L-n; 
19)  l>-n:  20)  L-a:  21)  female;  22)  A-n;  23)  0-y;  24)  T-o;  25)  D-u;  26) 
B-a;  27)  R-y;  28)  B-a;  29)  T-a;  30)  V-o;  31)  M-v;  32)  O-n;  33)  8-n;  3'» ) 
V-ch. 


TABLE  2 

Pneumctachography  Data  and  Vital  Capacities  of  Healthy  Individuals  and 
Schizophrenia  Patients  at  Various  Altitudes  on  El'brus 
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1)  Name;  2)  sex;  3)  age,  years;  4)  vital  capacitv;  5)  pneumotachometry; 
6)  expiration;  7)  Inspiration;  8)  coefficient;  9)  patient  group;  10) 
Sh-t';  11)  male;  12)  T-o;  13)  Sh-a;  l4)  F-v;  15}  U-v;  l6)  P-v;  17)  P-y; 
l8)  normal  group:  19)  L-n:  20)  D-k;  2l)  L-a:  22)  female;  23)  A-n;  24) 
0-y;  25)  T-o;  26)  D-a;  27)  B-a;  28)  R-y;  29)  B-a;  30)  T-a;  31)  V-o;  32) 
^^-v;  33)  S-n;  34)  S-n;  35)  V-ch. 

than  unity. 

In  the  majority  of  subjects,  both  healthy  and  schizophrenic,  the 
pneumotachometry  indices  were  found  to  be  normal.  In  the  first  examina¬ 


tion,  a  slight  decrease  in  the  expiration  force  was  noted  in  three  per- 
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sons  (of  whom  one  was  a  patient)  ar^  a  drop  In  Inspiration  force  In 
five  (two  healthy  Individuals  arvJ  three  patients).  In  almost  all  of  the 
test  subjects,  the  expiration  force  was  greater  than  the  Inspiration 
force.  Only  In  two  persons  was  the  explrat lon/lnsplration  coefficient 
equal  to  unity. 

With  Increasing  altitude,  the  normal  group  showed  some  change  In 
the  ejqplratlon-to-lnsplratlon  force  ratio.  In  half  of  the  subjects,  the 
Inspiration  pneumotac hornet ry  Increased  slightly,  by  0. 5-1.0  liter.  The 
expiration  force  either  remained  the  same  or  diminished  slightly.  The 
value  of  the  e3q)lratlon/lnsplratlon  coefficient  was  reduced  accordingly. 

We  suppose  that  the  appearance  of  absolute  and  relative  increases 
In  Inspiration  force  at  high  altitudes  reflect  a  change  In  respiratory 
regulation  due  to  Increasing  oxygen  deficiency. 

In  the  group  cf  schizophrenia  patients,  the  dynamics  of  the  pneumo- 
tachometry  data  had  no  particular  distinction.  The  analogous  change  in 
the  relationship  between  Inspiration  and  expiration  force  with  Increas¬ 
ing  altitude  was  not  observed  (Table  2) , 

CONCLUSION 

The  results  of  this  study  made  It  possible  to  discern  certain  pe¬ 
culiarities  In  the  reaction  of  schizophrenia  patients  under  hlgh-moun 
tain  condltlcxis  as  compared  with  that  of  healthy  Individuals.  The  gen¬ 
eral  nature  and  trend  of  the  shifts  In  the  Indices  studied  were  of  the 
same  type  In  both  groups  and  In  agreement  with  literature  data  (N.N. 
Slrotlnln,  van-Llr,  Levi  and  others).  Some  differences  can  be  detected 
In  the  frequency  and  conspicuousness  of  the  changes .  In  the  group  of 
schizophrenia  patients,  the  shifts  were  observed  somewhat  more  seldom 
and  were  less  significant  than  those  In  the  group  of  healthy  Individ¬ 
uals.  This  applies  to  the  blood-pressure  Indices,  both  maximum  and  mini¬ 
mum  but  particularly  the  latter,  and  came  to  light  In  analysis  of  the 
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pneumotac hornet ry  data  in  comparative  ctudy  of  the  reaction::  to  pny.: 
exertion. 


The  changes  in  the  physiological  functions  in  the  mountaJn  locale 
reflect  a  definite  readjustment  of  the  organism,  shifts  in  the  regula¬ 
tory  mechanisms  to  conform  to  the  changed  conditions  of  the  environ¬ 
ment.  The  decrease  in  the  oxygen  content  of  the  surrounding  air  results 
in  a  change  in  gas-metabolism  regulation,  and  specifically  in  higher 
respiratory  a-^d  circulatory  stress.  Our  observations  were  on  a  modest 
scale.  Nevertheless,  we  gain  the  definite  Impression  that  a  sojourn  in 
a  mountain  locality  causes  a  smaller  readjustment  on  the  part  of  the 
organism  in  schizophrenia  patients.  In  any  event,  the  shifts  in  the  in¬ 
dices  studied  were  moderated  in  the  schizophrenia  patients  under  iden¬ 
tical  conditions,  at  identical  times  and  under  identical  living  condi¬ 
tions.  Particular  attention  is  drawn  to  the  weaker  reaction  of  the 


schizophrenics  to  physical  exertion,  since  this  index  is  in  a  sense  the 
most  general,  Integral  and  indicative  of  the  organism's  reactivity. 

The  exception  in  our  observations  wi  s  the  more  distinct  quickening 
of  the  pulse  in  the  schizophrenics.  It  must  be  remembered,  however,  that 
schizophrenia  patients  show  characteristic  instability  of  the  pulse 
rate  and  tachycardia  not  associated  with  external  causes  even  under  or¬ 
dinary  conditions  at  low  altitude. 

Cn  the  whole,  the  observations  conducted  may  be  regarded  as  addi¬ 
tional  confirmation  of  the  high  toleiance  of  schizophrenia  patients  to 
oxygen  inrsuff Iclency  under  the  conditions  of  a  mountainous  locality 
(2000-3000  and  4200  m) . 


THHiAPEUTIC  VALUE  OP  THE  HIGH  MOUffTAIN  30J0UKN 
IN  CERTAIN  PSYCHIC  DISORDERS 
N.V,  Kantorovich 
(Frunze) 

Under  the  conditions  of  the  high  mountains,  as  a  consequence  of 
hypoxia  and  certain  other  accessory  factors,  changes  occur  in  oxidation- 
reduction  processes  in  the  brain,  the  Internal  secretory  functions  of 
the  glands,  and  the  course  of  psychic  processes  In  healthy  individuals. 
The  symptons  of  the  "mountain  sickness"  that  arises  under  these  condi¬ 
tions  and  the  phenomena  of  acclimatization  have  been  quite  thoroughly 
studied  for  healthy  individuals.  In  the  pathogenesis  of  psychic  disor¬ 
ders,  and  In  the  mechanisms  of  active-therapy  techniques  for  these  dis¬ 
orders,  considerable  importance  is  also  attributed  to  changes  in  oxy¬ 
gen  metabolism  and  endocrine  and  nervous  regulation.  Hence,  arises  the 
theoretical  possibility  of  using  prolonged  mountain  hypoxia  as  directed 
therapy  applied  to  the  course  of  certain  mental  illnesses.  The  process 
of  change  in  the  altitude  of  habitation,  mountain  sickness,  acclimatiza¬ 
tion  and  deacclimatization  give  rise  to  a  kind  of  "mavssage,"  in  which 
new,  as  yet  uncrystalized  pathological  nerve  connections  may  vanish  as 
a  result  of  normalization  and  regulation  of  the  oxidation- reduct ion  and 
endocrine  processes. 

In  19l>2-i95^j  N.N.  Slrotinln  and  V.P.  Protopopov  conducted  such 
studies  on  mental  patients  (schizophrenics  in  almost  all  cases),  who 
were  transported  up  into  the  El'brus  region.  The  preliminary  results 
were  evaluated  as  positive.  Subsequently,  however,  ''the  method  of  treat- 
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Ing  schizophrenia  patients  by  transfer  to  the  high  mountains  ha:;  shown 
inadequate  effectiveness"  (V.P.  Protopopov).  Further,  similar  positive 
results  were  obtained  on  placing  schizophrenia  patients  under  sanltor- 
lum  conditions  in  a  lowland  locale.  As  a  result,  the  quest! ai  as  to  the 
salutary  effect  of  the  high  mountains  on  psychic  disorders  has  remained 
unclear. 

In  i960  and  196I,  the  Psychiatry  Department  of  the  Kirgiz  Medical 
Institute  and  the  Regional  Medicine  Institute  of  the  Kirgiz  Academy  of 
Sciences  organized  tenqporary  psychiatric  retreats  at  the  Torugart  high 
pass  in  the  Tlen-Shan  region,  at  an  altitude  of  35^0  m  above  sea  level 
and  520  km  by  highway  from  the  town  of  Frunze.  The  retreat  functioned 
during  July  and  August  of  both  years,  with  each  patient  staying  there 
for  3-6  weeks.  A  total  of  7^  patients  were  transferred,  including  40 
with  schizophrenia,  12  with  various  forms  of  depression  and  involution 
psychosis,  8  in  the  manic  phase  of  manic-depressive  psychosis,  7  with 
epilepsy,  and  so  forth. 

Residence  in  the  high  mountains  produced  its  most  striking  effect 
in  the  manic  phase  of  manic-depressive  psychosis  and  in  psychomotor  ex¬ 
citation  in  general.  In  all  8  patients  in  the  manic  phase  it  was  cured 
rapidly  and  to  total  remission.  The  symtoms  of  almost  all  patients  with 
psychomotor  excitation  of  other  origins  also  vanished.  In  balance,  how¬ 
ever,  no  positive  effect  was  obtained  during  depression.  Nor  was  there 
any  improvement  in  the  condition  of  patients  with  stupor  and  substupor. 

A  transitory  and  in  general  rather  doubtful  effect  was  noted  for  epil¬ 
epsy. 

Of  40  schizophrenia  patients,  23  had  been  ill  with  the  disorder 
for  less  than  one  year,  and  the  rest  for  more  than  a  year.  Total  remis¬ 
sions  and  significant  improvements  were  noted  in  17,  Improvements  in  9, 
and  no  Improvement  or  deterioration  in  14.  The  best  results  were  obtaln- 
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ed  in  the  hallucinatory  {>aranolci  form  (11  total  roml;::; i  on;:  and  I’i- 

cant  inqproveinents  among  l8  patients).  Excellent  result;:  were  al:;o  ob¬ 
tained  in  the  catatonic  form  (4  con?>lete  and  partial  remission:;  out  of 
6  patients).  The  therapeutic  effect  on  the  duple  form  was  not  a;:  good 
(3  remissions  among  7  patients).  No  remissions  were  obtained  in  the 
hebophrenlc  form,  but  improvements  were  noted;  there  was  no  positive 
effect  in  the  hypochondriac  form  (2  patients).  As  with  other  methods 
of  treating  schizophrenia,  the  best  results  were  obtained  in  patients 
with  a  short  history  of  the  disorder  or  with  a  remittent  tendency. 

There  was  not  sufficient  time  for  comprehensive  Judgments  as  to 
the  duration  of  the  therapeutic  results  obtained,  but  we  have  catamneses 
ranging  from  5.5  to  l8  months  for  28  of  the  schizophrenia  patients.  The 
condition  of  the  patients  was  evaluated  as  follows  in  the  catamnetic 
follow-up:  total  remission  and  practical  cures  in  l4  patients,  minor 
Improvement  and  no  change  in  10,  and  4  cases  of  relapse. 

At  the  altitude  of  3540  m,  some  of  the  patients  showed  distinct 
symptoms  of  mountain  sickness,  while  in  other  patients  these  symptoms 
appeared  less  sharply  or  not  at  all.  The  therapeutic  effect  made  itself 
felt  chiefly  in  patients  who  had  had  a  comparatively  difficult  time  in 
the  primary  acclimatization.  On  the  other  hand,  patients  who  had  show¬ 
ed  no  subjective  response  to  the  change  in  altitude  frequently  also 
failed  to  show  any  positive  changes  in  their  state  of  mental  health. 
Basically,  however,  in  those  cases  where  it  did  occur  the  positive  ef¬ 
fect  developed  quite  quickly,  during  the  first  few  days  of  the  sojourn 
in  the  high  mountains,  which  would  correspond  to  the  primary  acclimati¬ 
zation  phase.  In  the  action  of  the  mountain  climate  on  tne  course  of  the 
mountain  climate  on  the  course  of  the  psychic  disorders  we  can  distin¬ 
guish  between  the  effect  on  the  course  of  the  pathological  process  as  a 
whole  and  the  symptomatic  effects.  Particularly  distinct  among  the  latter 
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were  the  elimination  of  excitation  and  halluclnat lone .  The  rapid  re¬ 
lief  from  the  psychomotor  excitation  made  it  almost  unnecessary  to  use 
aminazine  or  othc  pharmaceuticals  for  this  purpose  at  Torugart.  No 
less  conspicuous  was  the  relief  from  auditory  and  other  hallucinations. 
In  several  patients,  a  supplementary  hike  up  to  an  altitude  600  m 
higher,  l.e.,  to  4000  m,  relieved  excitation  and  hallucinations  strik¬ 
ingly  and  con¥)letely.  In  some  cases,  these  symptoms  did  not  return, 
while  other  cases  required  repeated  trips  up,  on  which  the  excitation 
and  hallucinations  would  again  disappear.  Incidentally,  these  observa¬ 
tions  do  not  speak  in  favor  of  the  inhibition  theory  of  hallucination. 

As  a  rule,  the  patients  did  not  receive  any  medication  while  at 
Torugart,  although  the  effect  of  single  doses  of  medications  under  high- 
mount  aln  conditions  was  studied  for  special  purposes  in  a  number  of  pa¬ 
tients.  It  was  found  that  the  saporific  effect  of  aminazine  is  consid¬ 
erably  enhanced.  Insulin  has  several  times  the  effect  observed  under 
lowland  conditions.  Even  small  insulin  doses,  of  the  order  of  20-30 
units,  can  produce  shock. 

Needless  to  say,  we  regard  hypoxia  as  the  basic  factor  influencing 
the  course  of  psychic  disorders  at  Torugart.  However,  hypoxia  is  not 
the  sole  cause  of  the  changes  in  the  mental  condition  of  the  patients. 

We  may  not  omit  secondary  factors  from  consideration.  These  are,  first 
and  foremost,  physical  exertion  —  hikes,  mountPln  climbing  and  manual 
labor  in  the  fresh  air.  The  change  in  reglmln,  stereotype  and  situation 
may  have  a  certain  significance,  although  it  would  hardly  be  essential. 
The  Influence  of  other  climatic  and  geographic  factors  apart  from  alti¬ 
tude  and  hypoxia,  the  effect  of  radiation,  etc.  remains  unaccounted  for. 

As  will  be  evident  from  the  above,  our  data  disagree  essentially 
with  those  of  N.N.  Sirotlnln  and  V.P.  Protopopov.  It  would  appear  to 
us  that  this  is  to  be  accounted  for  primarily  by  the  varying  states  of 
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the  patients.  Por  exai^le,  we  observed  the  most  pronounced  therapeutic 
effect  In  patients  with  psychemotor  excitation  and  In  the  manic  phase 
of  manic-depressive  psychosis,  while  there  were  apparently  no  such  pa¬ 
tients  on  the  expedltlMis  led  by  N.N.  Slrotlnln  and  V.P.  Protopopov. 

As  concerns  the  schizophrenia  patients,  we  apparently  had  a  larger  nuiri- 
ber  of  recent  and  acute  cases. 


ON  THE  RESULTS  OP  TREATING  SCHIZOPHRENIA  PATIENTS  BY  RESIDENCE  IN  THE 

HIGH  MOUNTAINS  DURING  I96I 
A. I.  Durand Ina 
(Frunze) 

The  i960  expedition  of  the  Psyclatry  Department  of  tne  Kirgiz  Med¬ 
ical  Institute  to  Torugart  (V.A.  Rozhnov,  V.I.  Rybklna  and  K.O.  Osmon- 
alnev)  obtained  positive  preliminary  results  as  regards  the  Influence 
of  the  mountain  climate  on  the  course  of  certain  mental  Illnesses,  In¬ 
cluding  schizophrenia.  In  a  program  of  further  study  of  the  Influence 
of  the  high  mountains  on  the  course  of  mental  Illnesses,  the  Kirgiz 
Medical  Institute  sent  a  second  expedition  Into  the  Tlen-Shan  mountains 
In  1961.  For  this  purpose,  a  group  of  schizophrenia  patients  was  taken 
out  to  Torugart,  at  an  altitude  of  35^0  m  above  sea  level,  where  they 
spent  19-^8  days. 

The  Influence  of  the  mountain  climate  was  combined  with  physical 
exertion  and  sunburn.  Almost  dally  hikes  were  prescribed  for  the  pa¬ 
tients,  during  which  they  traveled  6-12  km  over  even  terrain  or  climbed 
to  altitudes  of  3800-4200  m  above  sea  level  In  the  mountains,  where 
they  stayed  three  to  six  hours.  Each  patient  made  8-11  climbs.  Much  at¬ 
tention  was  given  sports  and  Individual  participation.  The  patients  were 
kept  occupied  with  light  athletics  and  played  vollyball.  Morlng  calis¬ 
thenics  were  made  compulsory  for  all  of  them.  Each  day  (by  turns)  5-6 
patients  were  kept  busy  with  manual  tasks. 

We  conducted  observations  on  21  schizophrenia  patients  ranging  in 
age  frcxn  I9  to  35  years  (17  men  and  4  women).  This  group  comprised  both 


-  709  - 


individuals  with  disorders  of  recent  ccaicept  (l6),  wKhln  the  preoedln^f 
2-3  months,  and  patients  with  recldlve  histories  of  Illness  (5).  Tho  pa¬ 
tients  were  classified  into  the  following  groups  on  the  basis  of  the 
forms  taken  by  the  Illness:  a)  12  with  the  hallucinatory-paranoid  form, 
of  whom  8  had  short  histories  and  4  had  had  relapses;  b)  2  paranoids; 
c)  3  hebephrenlcs;  d)  2  catatonlcs,  one  of  recent  onset  and  one  with  a 
recldlve  history. 


Figures  Indicating  Favorable  Effect  of  High 
Mountains  on  Schizophrenia  Patients 
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I)  Form  of  schizophrenia;  2)  number  of  patients;  3)  time  of  sojourn  un¬ 
der  mountain  conditions;  4)  from  23  to  27  days;  5)  50  days;  6)  results; 

7)  remission  I;  Q)  remission  II;  9)  remission  III;  10)  remission  IV; 

II)  no  change;  12)  hallucinatory-paranoiac;  13)  paranoiac;  14)  hebephren¬ 
ic;  13)  sla^ple;  lo)  catatonic. 

The  visit  by  the  schizophrenia  patients  to  the  mountain  locale  in 
Tlen-Shan  had  a  favorable  effect  on  them.  Remissions  occurred  In  11  pa¬ 
tients  (remission  I  in  7  and  remission  II  In  4),  of  whom  8  were  recent 
cases  of  schizophrenia.  Remissions  I  and  II  also  occurred  In  patients 
with  relapses  of  hallucinatory-paranoiac  schizophrenia.  Minor  Improve¬ 
ment  occurred  in  5  patients  (3  hallucinatory  paranoiacs  and  2  with  the 
hebephrenic  forms).  No  change  in  the  pathological  state  occurred  In  5 
patients  (2  hallucinatory  paranoids,  1  catatonic,  2  simple  cases  and  1 
hebephr«iic)  under  the  conditions  of  the  high  mountains  (see  Table). 

As  we  know,  a  complex  adaptive  readjustment  of  the  organism  and  Its 
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accommodation  to  the  subnormal  oxygen  partial  pressure  take  place  In 
response  to  hypoxia  and  other  factors  operating  in  the  mountains.  Obvi¬ 
ously,  changes  in  the  functional  state  of  the  central  nervous  system 
and  readjustment  of  the  metabolism  and  activity  of  the  endocrine  glands 
are  at  the  bottom  of  the  therapeutic  effect  of  the  high  mountains  on 
schizophrenia.  Hikes,  mountain  climbing,  athletics  and  manual  labor  in¬ 
tensified  the  hypoxia  and  the  readjustment  of  the  organism’s  functional 
systems,  thereby  enhancing  the  therapeutic  effect.  This  viewpoint  finds 
confirmation  In  the  fact  that  excellent  results  were  obtained  In  those 
patients  who  adhered  strictly  to  the  hlgh-mountaln  regimen.  In  patients 
to  whom  the  regimen  of  the  high-mountain  retreat  could  not  be  applied, 
we  noted  only  Insignificant  shifts  In  the  direction  of  improvement  or 
no  changes  at  all. 

The  changes  In  the  psychotic  symptomatic  pictia^e  of  schizophrenia 
under  the  conditions  of  the  high  mountains  Intervened  most  frequently 
in  the  period  between  the  third  and  tenth  days  (ll  patients),  and  less 
often  In  the  period  between  the  13th  and  27th  days  (5  patients).  In 
some  patients,  a  23-28-day  stay  in  the  mountains  produced  no  changes  in 
the  nature  of  the  illness  (5  patients).  It  had  not  been  possible  to  ap¬ 
ply  the  regimen  of  the  mountain  retreat  fully  to  these  individuals. 
Three  of  them  did  not  go  mountain-climbing  once  and  did  not  participate 
in  the  hikes  or  in  the  manual  labor.  Two  of  this  group  part i<'ipated  on¬ 
ly  in  the  climbing  expeditions.  Once  up  there,  they  frequently  showed 
exacerbation  of  their  psychotic  symptoms.  The  patients  experienced  a 
flood  of  delirious  ideas  and  their  behavior  became  more  foolish.  The  us 
ual  state,  that  prevailing  prior  to  the  mount a in- climbing  excursion,  re 
turned  when  they  came  back  down. 

Our  observations  indicate  that  psychotic  symptoms  change  in  all 
forms  of  schizophrenia  under  the  conditions  of  the  high  mountains. 


Hallucinatory-paranoid  and  paranoiac  formn.  We  obrjerved  l4  patJerit: 
afflicted  with  the  hallucinatory-paranoid  and  paranoiac  forme.  The  clin¬ 
ical  picture  showed  the  3yB^)toins  typical  for  schizophrenia  before  they 
were  taken  up  Into  the  mountains.  We  present  a  case  history  of  the  dis¬ 
order  by  way  of  Illustration. 

Male,  22  years  of  age.  Childhood  growth  and  development  healthy. 
Seventh-grade  education.  Worked  as  a  xocksmlth.  Nervous  breakdown  in 
June  of  1961.  Periodically,  he  would  hear  voices,  slept  fitfully  at 
night,  and  was  afraid  of  something  vague  and  undefined.  Somewhat  later, 
he  began  to  fear  various  screams,  knocking  sounds  and  voices.  Prom  time 
to  time,  a  voice  would  warn  the  patient  as  follows:  "Soon  the  starts 
will  come  flying  and  turn  you  into  stone."  He  reported  to  the  militia 
with  the  unreasonable  request  that  they  test  his  blood.  Was  admitted 
to  a  clinic  for  treatment  on  2  July  1961.  Physical  conformation  correct, 
nutrition  excellent.  Heart:  clean  sounds,  AD  [arterial  pressure]  120/70, 
pulse  76  beats  per  minute.  Lungs:  vesicular  respiration.  Abdomen  soft, 
liver  and  spleen  not  enlarged.  Configuration  of  pupils  normal,  pupil 
reaction  to  li^t  quick  to  convergence  and  accommodation  excellent. 

Tongue  medial;  arm,  knee  and  Achilles  tendon  reflexes  quick.  No  patho¬ 
logical  reflexes  were  produced.  No  disturbance  to  coordination. 

Patient  is  oriented  In  time  and  space,  and  understands  that  he  is 
at  a  psychiatric  retreat.  Experienced  olfactory,  auditory  and  visual 
hallucinations;  believed  that  a  powerful  gas  was  seeping  into  the  room, 
heard  voices  demanding  that  he  change  his  religion.  He  had  a  vision  of 
himself  with  half  a  torso.  Emotionally,  he  was  severely  distraught  and 
experiencing  powerful  dread.  Gave  voice  to  delusions  of  persecution, 
violence  and  poisoning.  He  believed  that  dynamite  had  been  planted  under 
the  building  and  would  be  exploded  by  the  bribed  watchman,  killing  every¬ 
body.  He  was  of  the  belief  that  the  moon  and  stars  were  falling.  Even 
at  home,  he  had  noted  how  the  sun  and  moon  were  coming  down  and  felt 
their  effects  on  him.  "Rays  hit  me  In  the  forehead,  I  became  very  dizy, 
my  body  went  over  to  my  brother  auid  a  worm  crawled  across  my  body." 

There  is  a  danger  that  everything  will  be  set  fire  by  the  moon  and  stars 
and  will  bum  up.  The  patient  Is  afraid  to  sleep  at  night  and  has  an  im¬ 
pulse  to  stand  at  the  window.  On  several  occasions,  he  jumped  out  of  bed 
and  ran  out  into  the  street,  staying  there  until  he  was  carried  back. 
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He  tried  to  cut  an  electrical  wire,  which  he  felt  was  about  to  be  u::eci 
to  detonate  the  dynamite.  He  believed  that  he  was  being  poisoned  by 
substances  sprinkled  onto  his  food.  He  frequently  refused  to  eat.  In  ad¬ 
dition  to  the  delirious  experiences,  his  thinking  was  marked  by  discon¬ 
tinuity  and  incoherence;  ”Rays  are  hitting  rqt  head.  Where  did  I  Jump? 

And  there  went  an  airplane,  flying  along  beside  me.  Did  I  fall  or 
didn't  I?  Many  have  tears  In  their  eyes.”  The  patient's  behavior  was 
extremely  foolls.i,  with  outbursts  of  range  and  excitement. 

During  the  first  few  days  of  his  stay  in  the  mountains,  we  observ¬ 
ed  tachycardia,  the  pulse  reaching  100- 108  beats  per  minute;  there  was 
also  a  slight  facial  cyanosis.  The  patient  succeeded  In  undertaking  the 
entire  regimen  of  the  mountain  retreat.  He  made  11  hikes  up  Into  the 
mountains  to  altitudes  of  3800-4200  m  above  sea  level.  During  the  Inter¬ 
vals  between  climbs,  he  would  go  hiking,  became  sunburned,  participated 
In  individual  activity,  played  vollyball  and  did  chores. 

Extracts  from  dally  record.  On  12-13  July  (after  8  days'  residence 
In  the  mountains),  he  quieted  down  and  his  behavior  become  more  orderly. 
The  pathological  subjective  experiences  lost  their  previous  force.  He 
does  not  volunteer  Information  on  these  experiences.  He  regards  his 
Ideas  of  persecution  and  the  downfall  of  the  moon  and  stars  as  foolish, 
but  thinks,  as  before,  that  his  body  has  gone  over  to  his  brother.  He 
expresses  his  Ideas  clearly.  He  is  active,  socializes  with  the  patients, 
participates  In  the  work  and  hikes.  Subsequently,  his  condition  improved 
progressively,  although  on  some  days  he  would  give  halting  expression 
to  delusions  of  poisoning  and  was  afraid  of  being  transformed  into  a 
baboon.  Became  Incoherent.  On  going  up  into  the  mountains,  he  always 
behaved  properly,  his  mood  was  considerably  better,  and  the  picture  re¬ 
verted  to  the  earlier  morbid  experiences. 

Was  discharged  as  cured  on  5  August.  Ambulatory  treatment  with 
maintenances  of  amlnazlne  was  recommended. 

The  state  of  the  patients  changes  considerably  under  the  mountain 
conditions  even  during  the  first  10  days  or  within  two  to  three  weeks 
after  arrival.  The  emotional  state  Improves  markedly.  The  fears,  inco¬ 
herence,  Irritability  and  tendency  to  fly  Into  a  range  subside.  Spirits 
seem  to  be  lifted  somewhat.  The  behavior  of  the  patients  becomes  more 
socially  acceptable;  they  begin  to  show  Interest  in  their  surroundings. 


While  it  had  not  been  possible  to  put  the  patients  to  work  prov lo o.Uy , 
they  now  begin  to  participate  of  their  own  accord  in  the  athletic  /^ame::, 
hikes,  labor  and  Individual  activity.  Simultaneously,  the  hallucinatory 
experiences  and  delusions  gradually  lose  their  urgency.  The  thought  pr^^ 
cesses  become  orderly.  In  the  associative  experiment,  we  note  a  consid¬ 
erable  iHSprovaaent  in  the  associations  on  the  12th  day  of  the  cojourn 
In  the  mountains,  particularly  among  the  patients  that  were  cured  or 
showed  am  Improvement  in  condition.  Toward  the  end  of  the  mountain  so¬ 
journ,  the  subordinate  associations  vanish  or  the  number  Is  reduced 
sharply  In  those  patients  who  were  showing  positive  effects.  The  latent 
period  remains  long,  averaging  2.3  sec.  During  the  adaptive- readjustment 
process  (during  the  first  15  days  of  the  sojourn  In  the  mountains), 
changes  arise  In  higher  nervous  activity,  with  normalization  or  Improve¬ 
ment  of  the  basic  nervous  processes  In  many  cases.  The  pathological  sym- 
toms  gradually  go  away  under  the  conditions  of  the  mountains.  They  un¬ 
dulate  after  an  lii5)rove«ent  has  set  In,  now  vanishing  and  now  reappear¬ 
ing.  With  the  passage  of  time,  the  patients'  condition  shows  progressive 
In^rovement .  Additional  climbs  up  into  the  mountains  to  altitudes  of 
3800-4200  m  have  a  particularly  favorable  effect  on  the  patients.  Dur¬ 
ing  these  climbs,  the  Influence  of  hypoxia  and  other  mountain  factors 
Is  enhanced.  As  a  result,  euphoria  becomes  stronger.  The  patients  become 
more  active.  On  the  climbs  Into  the  mountains,  they  cover  distance  vig¬ 
orously,  converse  brightly  during  the  rest  periods,  ask  questions,  dis¬ 
cuss  the  events  of  their  lives  and  booka  that  they  have  read.  Ao  a  rule, 
the  hallucinations  and  delusions  become  less  urgent  during  these  climbs. 
The  patients  do  not  discuss  their  illness  voluntarily,  tending  to  avoid 
conversations  on  this  topic.  Hallucinations  frequently  disappear  during 
the  climbs.  On  the  descent,  however,  they  return,  but  each  time  with 
less  force.  Certain  patients  showed  aggravation  of  the  morbid  symptoms. 
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They  experienced  torrents  of  hallucinations  and  delusions.  On  descent, 
the  acuteness  of  the  morbid  subjective  experiences  had  spent  Itself. 

With  the  course  of  time,  these  symptoms  diminished  sharply  or  even  van¬ 
ished.  In  some  patients,  psychotic  symptoms  vanished  during  the  mountain 
sojourn  within  2  to  3  weeks.  In  others,  however,  only  a  minor  improve¬ 
ment  had  been  accomplished  by  this  time.  Subsequently,  the  condition  of 
the  patients  improved  progressively  and  the  psychotic  symptoms  were  re¬ 
lieved  within  four  to  seven  weeks.  As  a  ■•^esult  of  the  visit  to  the  moun¬ 
tains,  nine  individuals  among  the  patients  with  the  hallucinatory-paran¬ 
oid  and  paranoiac  forms  had  I  and  II  remissions.  Only  some  improvement 
was  observed  in  three  patients.  No  change  at  all  occurred  in  the  course 
of  the  Illness  in  two  cases. 

Although  mountain  observations  of  patients  with  other  forms  of 
schizophrenia  are  spotty,  it  is  nevertheless  of  interest  to  examine  the 
therapeutic  results  obtained  in  these  forms. 

Hebephrenic  form.  Three  patients  with  this  form  came  under  our  ob¬ 
servation.  The  psychic  state  in  this  form  Improved  by  the  fifth  to  ten¬ 
th  day  of  the  sojourn  in  the  high  mountains.  The  patients  begin  to  think 
more  correctly,  their  behavior  becomes  orderly,  and  the  motor  derange¬ 
ments  subside.  The  mood  remains  euphoric.  The  symptoms  of  hebephrenia 
exhibited  by  two  patients  subsided  in  the  mountains.  In  one  individual 
of  this  group,  there  was  only  a  transitory  Improvement,  which  lasted 
three  co  ten  days.  The  observational  data  suggest  the  necessity  of  long¬ 
er  sojourns  in  the  high  mountains,  since  the  shifts  in  condition  indicate 
an  enhancement  of  reactivity  and,  consequently,  a  possibility  of  consia- 
erable  improvement  in  condition  or  cure. 

Simple  form.  We  observed  two  patients  with  the  simple  forms;  one  of 
these  was  going  through  a  second  flare-up  of  schizophrenia.  The  mountain 
climate  was  observed  to  have  a  favorable  effect  on  1  patient;  it  had 
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none  on  the  other.  Changes  in  the  psychotic  symptom::  oi‘  thin  form  wore 
noted  on  the  ninth  day  of  the  patient’s  mountain  sojourn.  By  chl.s  time, 
the  active  psychotic  symptoms  taking  the  form  of  unproductive  thinkUig, 
depersonalization  and  psychomotor  Inhibition  had  abated  significantly. 
The  patient's  mood  was  better.  The  psychotic  symptoms  flared  up  again 
at  Intervals  afterward.  With  the  passage  of  time,  however,  the  patient's 
state  improved  progressively  and  a  remission  I  had  Intervened  by  the 
48th  day  of  the  visit  to  the  mountains. 

Catatonic  form.  Two  patients  with  this  form  were  observed  in  a 
state  of  acute  psychomotor  inhibition,  with  occasicnai  periods  of  stu¬ 
por,  A  positive  effect  was  noted  in  one  patient,  while  the  other  showed 
no  response  at  all.  The  change  in  the  psychotic  symptoms  was  observed 
on  the  ninth  day.  The  patient's  state  of  Inhibition  had  abated,  and  he 
was  participating  actively  in  the  work,  although  inadequacies  would  ap¬ 
pear  occasionally  in  the  emotional  sphere  and  in  behavior.  The  psycho¬ 
tic  symptoms  had  vanished  after  48  days.  During  the  four  months  that 
followed,  she  was  healthy  and  able  to  work,  but  then  suffered  a  relapse 
of  the  illness. 

We  made  catamnetlc  follow-ups  cn  28  schizophrenia  patients  over  6- 
l8  months  after  treatment  in  the  mountains  in  i960  and  1961.  It  was 
found  that  9  out  of  10  patients  who  had  had  I  and  II  remissions  contin¬ 
ued  healthy  and  able  to  work. 

Of  four  patients  with  repeated  flare-ups  of  the  illness  after  I 
and  II  remissions,  relapses  had  occurred  in  three  2-9  months  after  the 
mountain  sojourn.  A1 .  five  of  the  p' :ients  in  whom  only  minor  shifts  in 
the  direction  of  improvement  had  occurred  during  the  mountain  visit  were 
subsequently  treated  with  am^ nazlne  (4)  and  insulin  (l)  during  the  per¬ 
iod  after  the  stay  in  the  mountains.  Three  of  them  showed  excellent  re¬ 
missions  as  a  result  of  the  treatment.  It  is  impossible  to  deny  the  poo- 
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Itlve  effect  of  the  mountain^  on  the  course  of  the  disorder  the.':e 
cases.  It  would  appear  that  the  readjustment  of  the  functional  .:y  tem.: 
that  takes  place  In  the  high  mountains  increases  the  reactivity  of  the 
organism  and  renders  it  more  susceptible  to  therapy.  In  patients  In 
whom  no  Improvement  had  been  obs  ▼'ved  in  the  mountains,  it  was  not  pos- 
ible  to  achieve  helpful  results  even  by  subsequent  treatment  with  active 
techniques . 

CONCLUSIONS 

1.  Placing  schizophrenic  patients  under  the  conditions  of  the  high 
Tlen-Shan  mountains  has  a  favorable  effect  on  the  course  of  all  forms 
of  this  disorder.  The  mountain  climate  has  its  most  striking  effect  on 
the  hallucinatory-paranoid  form  of  schizophrenia.  Poorer  results  are  ob¬ 
tained  with  the  simple,  hebephrenic  and  catatonic  forms. 

2.  The  improvement  in  mental  state  occurs  most  often  between  the 
third  and  tenth  days.  The  psychotic  symptoms  vanish  conq?letely  or  dim¬ 
inish  conspicuously  during  the  period  from  two  or  three  to  four  to  sev¬ 
en  weeks.  This  duration  of  the  mountain  sojourn  is  not  optimal  and  re¬ 
quires  further  refinement. 

3.  To  evaluate  the  effectiveness  of  the  mountain  treatment,  the 
associative  experiment  can  be  used  together  with  clinical  observation. 
The  associations  are  Improved  or  normalized  when  the  mountain  climate 
is  effective. 

4.  Our  observations  reaffirm  that  the  Tlen-Shan  mountains  can  be 
used  for  purposes  of  therapy  in  schizophrenia. 
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coimsE  or  rstasimysom  excitation  and  manic  depressive  psychosis  under 

THE  CONDITIONS  OF  THE  HIOH  MOUNTAINS 
V.A.  Rozhnov 
(Frunze) 

PsychOBOtor  disturbance  Is  (»ie  of  the  gravest  symptoms  of  mental 
disease.  In  the  state  of  psychomotor  excitation,  patients  are  exhausted 
very  quickly^  loose  weight  and  may  commit  acts  dangerous  both  to  them> 
selves  and  to  those  around  thmn.  In  spite  of  the  consldeiaole  number  of 
papers  that  have  been  devoted  to  psychocoror  excitation,  the  pathogene¬ 
sis  and  etiolc^  of  this  state  and  methods  of  dealing  with  It  are  still 
far  from  adequi^tely  developed.  Study  of  psychomotor  excitation  Is  a 
pressing  problma  for  psychiatry. 

I.P.  Pavlov  believed  that  "subcortical  turbulence"  arises  In  psycho¬ 
motor  excitation  and  gets  out  of  ccxitrol  of  the  cortex,  and  that  the  In¬ 
teraction  o^  the  cortex  and  subcortex  is  disturbed  due  to  diffuse  corti¬ 
cal  inhibition. 

Psych(»otor  excitation  arises  in  many  mental  Illnesses  and  may  pro¬ 
ceed  with  various  degrees  of  manifestation  and  take  various  foms.  In 
July  and  August  of  i960  and  I96I,  the  Psychiatry  Department  of  the  Kir¬ 
giz  medical  institute  took  17  patients  Into  the  region  of  the  Torugart 
high  pass  In  the  Tlen-Shan  region  (altitude  35^0  m),  a?l  of  them  In  a 
state  of  psyohcxBOtor  excitation,  with  eight  patients  suffering  from  man¬ 
ic-depressive  psychosis  in  the  manic  phase,  eight  from  schizophrenia 
with  catatonic-paranoid  and  hallucinatory-paranoid  disturbances  and  one 
patient  suffering  from  hashish  psychosis  with  distinct  motor  and  cpeech 
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disturbance. 


Of  particular  interest  are  our  observations  of  the  patient::  with 
manic  depressive  psychosis  in  whom  the  psychomot''r  disturbance  vanished 
on  the  first  to  third  day  of  the  stay  in  the  mountains.  In  those  cases 
in  which  the  manic  patients  still  ret  ined  their  psychomotor  disturbance 
during  the  first  two  days  of  the  sojourn  at  35^0  m,  the  motor  and  speech 
disturbances  vanished  immediately  when  they  were  taken  up  to  an  alti¬ 
tude  of  4200-^500  m  and  then  brought  back  down. 

In  the  schizophrenic  patients,  the  psychomotor  disturbance  had  dis¬ 
appeared  by  the  third  to  thirteenth  day  of  the  mountain  sojourn.  In 
three  patients  with  the  catatonic- paranoiac  syndrome,  the  disturbance 
disappeared  on  the  third  to  fifth  day,  and  in  five  patients  with  the 
hallucinatory- paranoid  form,  on  the  fifth  to  thirteenth  day;  in  these, 
the  psychomotor  excitation  gradually  abated,  while  in  the  patients  with 
the  catatonic-paranoiac  syndrom  it  was  relieved  dramatically. 

The  basic  symptom  in  the  patient  K.,  who  was  suffering  from  the 
catatonic- paranoiac  syndrom  of  schizophrenia,  was  manifest  psychomotor 
disturbance.  He  spouted  spontaneous  gibberish  at  all  times,  shrieking 
occasional  words:  "I  ran  all  the  way  over  to  Narzan  to  tell  Anna  that 
I  love  her  and  my  underwear  needs  washing.  My  cap  isn’t  Indian  —  they 
don't  wear  such  caps.  The  water  doesn't  taste  very  good.  Ach.'  AchJ 

Stones  I  stones  I  Here  is  a  lake.  The  geese  are  flying,  but  there  aren’t 

any  sparrows...  ."  The  patient  was  irascible,  rancorous,  torn  by  con¬ 
flicts;  he  whistled,  cursed  cynically,  and  screamed.  He  was  forever 
trying  to  run  off  somewhere.  He  did  not  respond  to  instructions  and  re¬ 
quests.  On  the  ninth  day  of  his  sojourn  at  the  high-mountain  canp,  af¬ 
ter  hiking  to  Narzan  (which  was  4  km  away)  and  climbing  up  to  4400  m, 

he  quieted  down,  became  more  contained,  proper  and  quiet.  The  psychomo- 
dlsturbance  had  vanished.  The  condition  and  behavior  of  the  patient  had 
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undez*gone  a  sharp  change;  he  wau,  ac  it  were,  tran.;f Igured.  He  entered 

willingly  into  the  work  activities,  began  to  play  at  draughts,  chess 
and  vollyball.  He  participated  in  Individual  acitivty.  He  sang  lyrical 
songs  willingly.  Our  observation  of  patients  with  psychomotor  disorder 
in  the  mountain  caiqp  indicated  that  the  mountain  climate  is  a  powerful 
factor  against  motor  and  speech  excitation. 

The  manic-depressive  psychosis  is  still  a  disorder  with  inadequate 
ly  understood  etiology  and  pathogenesis.  It  is  characterized  by  period¬ 
ically  emerging  manic  and  depressive  phases  with  lucid  Intervals  be¬ 
tween  them.  Bach  individual  phase  usually  lasts  for  four  to  six  months. 
Varying  c<»A)lnations  of  phases  and  the  frequency  of  their  repetition 
determine  the  gravity  of  the  illness.  The  manic-depressive  psychosis 
has  been  studied  by  S.A,  Barannikova,  M.F.  Bordanova,  P.  Dmitrov,  S. 

P.  Pavlov,  B.Ya.  Pervoroayskiy,  I. A.  Polishchuk,  V.P.  Protopopov,  P.I. 
Sluchevskiy,  L.I.  Splvak,  A.N.  Timofeyeva,  T.Ya.  Khvllivltskly  and 
others . 

In  the  pathophysiology  of  manic-depressive  psychosis,  I.P.  Pavlov 
attributed  great  Importance  to  the  predominance  of  excitation  processes 
in  the  cortex  and  the  absence  of  relaxation  periods  alternating  with 
the  active  state.  I. I.  Pavlov  noted  that  in  manic-depressive  psychosis 
there  is  a  tendency  toward  acute  and  abrupt  excitation  of  the  cortex 
and  subcortex.  V.P.  Protopopov  found  a  number  of  humoral,  somatic,  met a 
bollc  and  vegetative  changes  in  patients  with  manic-depressive  psychos! 
The  basal  metabolism  changes,  and  the  contents  of  glycogen  and  adrena¬ 
line  in  the  blood  are  abnormally  high.  The  fact  that  exceptional  impor¬ 
tance  is  attributed  to  changes  in  metabolism  in  manic-depressive  psycho 
sis  suggested  to  us  that  it  might  be  expedient  to  take  a  group  of  such 
patients  up  into  the  mountains. 

We  conducted  observations  on  eight  patients  suffering  from  manic- 
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depressive  psychosis  (manic  phase)  at  an  altitude  of  35^0  m  above  sea 
level.  The  condition  and  behavior  of  all  patients  changed  very  soon  af¬ 
ter  arrival  in  the  mountain  region.  The  patients  withstood  the  trip 
from  Frunze  to  the  destination  (522  km)  very  well,  despite  the  fact 
that  It  was  necessary  to  cross  four  elevations  at  altitudes  of  around 
4000  m  along  the  way. 

Distinct  acclimatization  phenomena  were  observed  in  seven  patients, 
but  they  continued  only  for  one  to  two  days.  The  patients  had  severe 
headaches,  which  intensified  considerably  on  bending  over  and  doing 
physical  work.  They  complained  of  weakness,  general  lassitude,  fatigue 
and  weakness  in  the  knees.  "I  feel  as  though  I  had  been  doing  hard  la¬ 
bor  for  a  very  long  time,  had  not  slept  for  many  days  and  hac’  eaten 
something  that  did  not  agree  with  me,"  —  such  was  the  patient  Zvon's 
evaluation  of  the  way  she  felt.  All  patients  experienced  nausea,  vomit¬ 
ing,  and  dizziness,  and  fine  movements  lost  their  precision;  they  tot¬ 
tered  in  walking  and  became  troublesome.  They  experienced  difficulty 
even  in  performing  sinple  motor  tasks.  Tachycardia  (pulse  rate  102-110 
beats  per  minute,  with  Increased  filling  and  stress)  and  shortness  of 
breath  were  noted.  All  of  these  effects  vanished  on  the  second  day  of 
the  sojourn  in  the  mountains.  In  the  patient  Ibr.,  no  external  signs  of 
acclimatization  arose,  possibly  because  this  patient  had  previously  gone 
out  to  high  alpine  meadows  six  years  in  a  row  (altitudes  2000-2600  m 
above  sea  level),  stayed  there  for  two  to  foua.’  months  out  of  each  year 
and  had  apparently  developed  stable  neurohumoral  protective  mechanisms 
that  alleviated  the  morbid  phenomena  that  usually  accompany  arrival  in 
the  high  mountains. 

A  complete  cure  (in  six  cases)  or  considerable  Improvement  (in  two 
cases)  amounting  almost  to  total  cure  took  place  in  all  patients  during 
the  first  2-13  days  of  the  stay  in  the  mountains.  The  great  importance 
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of  these  mcouraging  results  becones  even  clearer  in  the  light  of  tho 
faet  that  our  patients  included  liuliTiduals  in  whom  the  disorder  war: 
of  7,  l4  and  17  years'  standing  and  had  taken  a  highly  unfavorable 


• 

course . 

The  patient  Vak.,  4?  years  of  age,  has  been  suffering  from  manic- 
depressive  psychosis  since  1943.  Both  the  manic  and  depressive  phases 
had  been  observed  in  this  individual,  but  the  manic  outbursts  were  mere 
frequent.  The  disorder  had  proceeded  without  lucid  intervals  for  the 
last  13  years.  Purlng  the  first  two  days  in  the  mountains,  acclimatiza¬ 
tion  phemsmna  were  c^served  (headache,  nausea,  vomiting,  tachycardia, 
shortness  breath,  general  tiredness  and  weakness  in  the  knees,  sham¬ 
bling  gait,  chest  pains,  troubled  sleep)  and  the  hypomanic  syndrome  was 
in  evidence.  The  patient  became  acquainted  very  quickly  with  all  of  the 
local  resltents,  was  convinced  that  he  had  to  explore  the  neighborhood 
within  a  radius  of  5  to,  and  tried  to  stay  in  the  mountains,  at  Chetyr- 
Kul'  Lake  and  other  nearby  lakes.  He  sang,  swore  dreadfully,  exhibited 
himself  and  was  hypersexual.  He  talked  a  great  deal  and  demanded  that 
everyone  obey  hl»’ti.  He  slept  two  to  three  hours  a  day.  He  stayed  in  mo¬ 
tion  at  all  tisies.  On  the  third  day  of  the  sojourn  in  the  mountains, 
the  verbal  and  motor  excitation  abated,  but  all  the  otner  symptom?  re¬ 
mained  without  change.  On  14  July  (on  the  seventh  day  of  the  sojourn 
at  the  mountain  camp),  the  patient  went  on  a  climb  to  the  crest  of  the 
Tuz-Bel'  (Ifhite  Ridge)  range.  He  remained  for  five  hours  at  the  altitude 
of  43-4400  m.  After  descending  and  returning  to  camp,  he  experienced 
very  great  fatigu».'  and  weakness.  He  complained  of  headache  and  nausea. 

Vomiting  was  observed.  He  asked  to  be  put  to  bed,  lay  down  and  fell 
asleep  quickly.  This  w-iis  the  first  time  he  had  slept  during  the  day;  in 
the  evening  he  was  quiet,  in  contact  with  his  surroundings,  and  polite.  I 

The  speech  and  motor  hyperactivity  vanished  completely.  The  patient  was 
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completely  reborn  as  a  healthy  Individual  "it  is  as  though  all  the 
weight  had  dropped  from  my  shoulders,  everything  was  bothering  me  has 
gone  someplace  else.  I  don’t  want  to  do  everything  backwards  the  way 
I  used  to,  I  am  in  a  new  state  of  mind,  I  feel  very  good  and  relaxed. 

I  want  to  get  rested  and  gather  my  strength  and  then  go  back  to  work," 
said  the  patient.  No  subsequent  pathological  symptoms  were  observed. 

He  entered  willingly  into  any  work  process  (carrying  water,  sawing  and 
splitting  wood,  policing  the  camp  area,  assisting  other  patients),  en¬ 
tered  into  the  gymnastics  and  morning  calisthenics,  and  participated 
willingly  in  the  games  and  hikes.  On  returning  home,  he  was  employed  as 
the  manager  of  a  movie  theater  (he  had  been  unemployed  for  the  previous 
15  years,  with  the  status  of  an  invalid  of  the  first  or  second  group) . 
This  case  clearly  demonstrates  the  occurrence  of  significant  positive 
shifts  in  the  pathological  symptom  picture  in  a  patient  with  extremely 
severe  course  of  the  manic-depressive  psychosis.  Others  among  our  pa¬ 
tients  were  cured  or  showed  considerable  improvement  (nearly  to  normal¬ 
ity). 

The  manic-depressive  patients  spent  from  8  to  42  days  (on  the  aver¬ 
age  21  days)  in  the  high  mountains.  Some  patients  could  have  been  dis¬ 
charged  even  much  earlier.  Thus,  a  sojourn  in  the  high  mountains  has 
excellent  therapeutic  results  in  treatment  of  the  manic  phase  of  manic- 
depressive  psychosis. 
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jN  the  nOl£  OP  TOE  HYPOXIC  FACTOR  IN  THE  DEVELOPMENT  AND 
COURSE  OP  EXPERIMENTAL  EPILEPTIC  SEIZURES 
A. I.  Nazarenko 
(Kiev) 

A  large  nuaber  of  papers  by  [Soviet]  and  foreign  clinicians  and 
physlolsglats  have  been  devoted  to  study  of  the  epilepsy  problem «  which 
la  one  of  the  aoat  laportant  In  ccxitemporary  clinical  and  experimental 
roediclna. 

The  Boat  aerloua  and  severe  cianifestaticxi  of  epilepsy  is  the  con¬ 
vulsive  epileptic  seizure 4  to  idilch  Investigators  have  given  special 
attention.  The  wehanisas  by  which  the  convulsive  seizures  arise  and 
develop  tea  been  studied  for  the  most  part  on  experimental  animals. 
Needless  to  say,  the  experimental  epileptiform  seizure  cannot  fully  re¬ 
produce  the  entire  many-faceted  picture  of  epilepsy  as  an  Illness  in 
which  the  seizure  Is  only  one  of  Its  manifestations,  even  though  it  is 
the  principal  one.  Nevertheless,  experimental  simulation  of  epilepsy  in 
animals  makes  It  possible  to  clarify  a  number  of  important  aspects  of 
this  disorder. 

Most  of  the  authors  regard  epileptic  seizures  as  due  to  a  distur¬ 
bance  in  the  reciprocal  relationships  between  the  cortex  and  subcortex. 
M.Ya.  Sereyskly  (19^5)  and  many  other  investigators  regard  biochemical 
shifts  as  the  proximate  cause  of  the  attack  —  accumulation  of  ammonia, 
increase  In  the  content  of  residual  nitrogen,  globulin  fractions, 
changes  In  carbohydrate  metabolism,  etc.  I.Uzunov  (1956,  1957),  I«A. 
Sllvko  (1948),  S.K.  Kapran  (1936)  and  others  take  the  position  that 
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the  prime  factor  In  the  development  of  epileptic  seizures  Is  changes  in 
the  tone  of  the  blood  vessels  of  the  b^^ain,  which  disturb  the  physio¬ 
logical  state  of  neurodynamic  processes.  Other  authors  relate  the  or¬ 
ganism's  abnormal  tendency  toward  convulsive  reactions  to  oxygen  insuf¬ 
ficiency.  In  particular.  It  has  been  shown  In  the  papers  of  N.D.  Yer- 
shov  (1937)  and  Ye.V.  Maystrakh  (19^9)  that  the  enhancement  of  the  or¬ 
ganism's  convulsion  reaction  at  subnormal  barometric  pressure  Is  char¬ 
acterized  principally  by  anoxemia  of  the  brain  and  j  disturbance  of 
acid-base  balance  In  the  direction  of  alkalosis.  I. I.  Fedorov  (1958) 
concludes  that  the  mechanism  by  which  the  convulsive  process  develops 
Is  based  on  a  transitory  spasm  of  vessels,  with  the  result  that  the 
brain's  supply  of  nutritive  substances,  and  oxygen  In  particular.  Is 
disturbed.  T.P.  Yaklmova  (1955)  concludes  on  the  basis  of  ccmpleted  re¬ 
search  that  the  central  inhibition  observed  In  the  convulsive  attacks 
results  In  a  decrease  In  the  organism's  oxygen  supply. 

THE  PRESENT  INVESTIGATIONS 

We  have  made  an  attempt  at  at  least  partial  study  of  the  role  of 
hypoxia  In  the  genesis  of  convulsive  seizures.  Since  the  oxygen  balance 
of  the  organism  Is  supported  by  the  respiratory  and  circulatory  systems 
and  by  the  ability  of  cells  to  absorb  oxygen,  we  decided  to  Investigate 
the  functional  state  of  these  systems  during  seizures. 

convulsive  seizures  were  Induced  In  dogs  and  rats  by  Intravenous 
Injections  of  an  ether  solution  of  camphor,  cardlazole  and  coramlne. 
Respiration  was  registered  on  the  dogs  during  the  convulsive  seizures, 
and  both  respiration  and  blood  pressure  were  traced  during  acute  exper¬ 
iments.  Respiration  was  registered  on  a  kymograph  using  a  special  drum 
placed  upon  the  animal's  rib  cage  and  connected  to  a  Marey's  capsule. 

In  the  dogs,  the  epileptiform  attack  began  with  motor  disturbance 
of  brief  duration,  restlessness,  and  occasional  spasmatlc  twitches.  Nc 
suLStantlal  changes  In  respiration  were  observed  during  this  period. 
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This  was  foli;:"'€d  by  development  of  the  most  .'severe  tonic  phase  of  the 
attaclr  with  acute  opisthotonos  and  cyanosis.  Respiration  was  cuspenJed 
during  the  same  period  and  remained  so  to  the  end  of  the  panic  phase 
(T*ig.  1).  The  cessation  cf  respiration  Is  Df  particular  Interest,  since 
tn.e  organism  has  a  particularly  low  tolerance  for  It.  host  Investigators 
have  advanced  the  oplnlc»i  that  this  suspension  reflects  both  tonic  con- 
tractlcai  of  the  respiratory  musculature  and  Inhibition  of  the  respira¬ 
tory  center.  During  the  clonic  phase,  which  follows  on  the  heels  of  the 
tonic  phffse,  respiration  becomes  Intermittent  ard  without  pattern;  when 
the  clonic  spasms  are  over,  we  note  a  considerable  quickening  and  deep¬ 
ening  of  respiration  (Pig.  1).  The  respiratory  movements  gradually  re¬ 
turn  to  normal. 

in  the  next  series  of  experiments  on  previously  "slnusotomlzed" 
dogs,  we  studied  gas  analyses  of  the  blood  made  by  the  Van  Slyke  method. 
The  blood  for  the  analyses  was  taken  simultaneously  fron  the  sagittal 
sinus  of  the  brain  and  from  the  femoral  artery;  samples  were  drawn  be¬ 
fore  the  spasms,  at  the  height  of  the  seizure  (In  the  tonic  phase)  and 
at  various  Intervals  of  time  after  the  seizure. 

Basically,  we  were  Interested  In  data  on  the  amount  of  oxygen  In 
the  blood,  since  this  Index  can,  to  some  degree,  be  used  to  character¬ 
ize  the  state  of  the  brain's  oxygen  supply.  The  following  data  were  ob¬ 
tained  from  the  analyses  that  we  conducted:  In  all  arterial  blood  analy¬ 
ses  made  at  the  height  of  the  seizure,  the  quantity  of  oxygen  was  sub¬ 
normal  (down  from  a  normal  value  of  20-22$^  by  volume  to  iS-lSj^  by  vol¬ 
ume).  The  content  of  oxygen  In  the  venous  ("sinus")  blood  taken  during 
this  same  period  was  found  to  be  elevated  (from  a  normal  value  of  12- 
l4ji  by  volume  to  17-l8j^  by  volume).  During  the  seizure,  therefore,  the 
content  of  oxygen  In  the  "sinus"  blood  approaches  the  oxygen  content  of 
the  arterial  blood;  the  arterial  venous  oxygen  difference  is  down  sharp- 
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ly  duriri;:  the  seizure  -  to  3-0. 7/^  by  volume  (the  normal  figures  are 
6-95^  by  volume. 
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Fig.  1.  Changes  in  respiration  in  dog  during  convulsive  seizure,  a) 
Normal  respiration;  b)  cessation  of  respiration  during  tonic  phase;  c) 
respiration  in  clonic  convulsions;  d)  respiration  after  seizure.  Time 
marker  2  sec. 

A  study  of  the  bloodstream  rate  (by  the  cytltone  and  bubble  meth¬ 
ods)  indicated  that  the  circulation  is  accelerated  significantly  during 
the  seizure  and  retarded  afterward.  When  the  convulsive  seizure  is  over, 
the  quantity  of  oxygen  in  the  arterial  and  venous  blood  returns  to  nor¬ 
mal,  and  the  arterial  venous  difference  with  respect  to  oxygen  rises. 

The  studies  made  indicate  that  during  the  tonic  phase  of  a  convul¬ 
sive  seizure,  the  flow  of  blood  to  the  brain  is  obviously  reduced,  since 
stoppage  of  respiration,  a  decrease  in  the  oxygen  content  of  the  arter¬ 
ial  blood  and  a  simultaneous  rise  in  this  content  in  the  "sinus"  blood 
and  a  sharp  drop  in  the  arterial  venous  oxygen  difference  are  observed. 

We  also  felt  it  was  in  order  to  study  the  problem  of  oxygen  ab¬ 
sorption  by  the  brain  tissues  during  a  convulsive  seizure.  Very  few  pa¬ 
pers  have  been  devoted  to  this  problem.  Most  detailed  are  the  research¬ 
es  of  K.I.  Pogodayev  and  his  co-workers  (1959) >  who  studied  the  tissue 
respiration  in  various  divisions  of  the  brain  in  the  various  phases  of 
electrospasm  seizures. 

We  performed  the  experiments  on  rats,  seizures  were  induced  with 
camphor  in  ether  solution,  cardlazole  and  coramlne.  The  animal  was 
briskly  decapitated  during  the  tonic  or  clonic  phase  of  the  seizure. 

The  membranes  and  blood  were  removed  from  the  cerebral  hemispheres, 
which  had  been  put  on  ice.  The  brain  tissues  were  then  homogenized.  The 
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recplratlon  of  the  tissue  horao^enate  v/as  determined  by  the  convention. J 
Warburg  technique  In  an  atmosphere  of  pure  oxygen  it  a  tempera tur'o  of 
38  2.  0.01*^.  The  amount  of  oxygen  taken  was  expressed  by  the  convention¬ 
al  coefficient  QO2#  which  Is  equal  to  the  number  of  cubic  milllmeterr: 
of  oxygen  taken  up  In  1  hour  by  1  mg  of  tissue,  converted  to  dry  weight 


The  data  that  we  obtained  on  the  camphor-attack 
example  are  shown  in  Fig.  2. 

The  cerebral -hemisphere  tlssue-resplratlon  figure 
determined  under  noimial  conditions  (control  animals) 
varied  In  the  range  from  4-5  mm^  of  oxygen  (<^02)*  Since 
the  respiration  of  brains  removed  during  the  clngle 


Pig.  2.  Aver¬ 
age  values  of 
oxygen  uptake 
by  tissue  of 
rat  cerebral 
hemispheres  In 
camphor -in¬ 
duced  ccnvul- 
slve  seizures. 
1)  Control;  2) 
tonic  phase  of 
attack;  3) 
clonic  convul¬ 
sions. 


tonic  pt^se  of  the  attack  showed  no  differences  from 
the  normal  figures.  It  was  decided  to  Increase  the  do^- 
es  of  epileptogenic  agents  to  produce  multiple  convul¬ 
sive  attacks.  The  tissue  respiration  of  cerebral  heml- 
s^ieres  taken  during  multiple  tonic  phases  showed  a 
consistent  decrease  (QO2  =  3 *8-3. 5  mm^  of  02)*  The  rate 
of  tissue  respiration  of  cerebral  hemispheres  Isolated 


during  the  period  of  clonic  spasms  was  up  In  all  cases 

(QOg  =*  6-7  mm^  of  Og). 


Thus,  during  the  tonic  pha -e  of  the  convulsive  seizure  we  observed 


a  decrease  In  the  rate  of  tissue  respiration  of  the  cerebral  hemi¬ 


spheres,  In  agreement  with  the  data  of  K.I.  Pogodayev. 

In  a  series  of  acute  and  clonic  experiments,  we  Investigated  the 
dynamics  of  changes  In  the  brain  oxygen  tension  of  dogs  durlr,g  seizures 
The  determinations  were  made  by  the  polarographlc  method  on  animals 
with  electrodes  Implanted  In  their  brains.  It  was  found  that  a  consis¬ 
tent  change  takes  place  In  the  brain’s  oxygen  tension  during  the  sei¬ 
zure.  As  a  rule,  stoppage  of  respiration  and  tonic  stressing  of  the 
musculature  are  accompanied  by  a  sharp  drop  In  the  oxygen  tension  cur\e 
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Fig.  3*  Changes  In  dog 
brain  oxygen  tension 
during  convulsive  at¬ 
tack.  1)  50  sec. 


(Fig.  3).  Resumption  and  anipllf Icatlon  of 
breathing  result  In  a  considerable  rise  in 
the  brain  oxygen  tension.  The  data  obtained 
also  confirm  the  Inadequacy  of  the  brain's 
oxygen  supply  '^urlng  the  convulsive  sei¬ 
zures. 

The  experiments  performed  on  the  dogs 
and  rats  conflnned  the  hypothesis  that  the 
brain's  oxygen  supply  Is  depressed  during 
experimental  convulsive  states.  Using  this 
as  a  point  of  departure,  we  decided  to  in¬ 


vestigate  the  Influence  of  adaptation  and 
acclimatization  to  hypoxia  on  the  nature  and  course  of  experimental 
convulsive  seizures. 


Rats  of  the  same  age  and  weight  were  selected  for  each  series  of 
experiments.  The  optimum  dose  of  camphor  solution,  that  which  produces 
epileptic  seizures  of  medium  severity  on  Intravenous  Injection,  was  de¬ 
termined.  The  experiments  were  conducted  under  hypobarlc-cheunber  condi¬ 
tions.  After  preliminary  acclimatization,  the  animals  we^-e  left  at  an 
"altitude"  of  8OOO  m  for  5^  hours.  At  the  end  of  this  time,  the  rats 
were  taken  from  the  hypobarlc  chamber  and  the  camphor  solution  was  ad¬ 
ministered  to  them. 

It  was  found  that  not  a  single  one  of  the  rats  could  be  brought  to 
a  seizure,  even  when  doses  In  excess  of  the  optimum  were  administered. 
Investigations  in  the  high  mountains  were  conducted  to  refine  these  da¬ 
ta:  the  animals  were  kept  at  an  altitude  of  3^00  m  on  El 'brus  for  eight 
days.  After  this,  some  of  the  rats  were  given  the  camphor  solution,  but 
they  showed  no  response  to  It.  Even  on  the  seventh  to  eighth  days, 
couTited  from  the  day  of  descent  from  the  mountains.  It  was  Impossible 
to  Induce  spasms  In  the  rats  in  r^’sponse  to  administration  of  increased 
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doses  of  the  epilepvogenic. 

■Rius,  the  data  fron  the  experiments  on  rats  confirm  the  hyputhcnlc 
tha';  the  hypoxic  factor  Is  important  in  the  pathogenesis  of  convulsive 
seizures.  In  particular,  adaptation  to  hypoxia  resulted  in  an  Incroaso 
in  the  animals'  tolerance  to  the  epilept.genic  factor. 

CONCLUSIONS 

1.  Respiration  and  blood  pressure  vary  considerably  during  convul¬ 
sive  seizures.  In  the  tonic  phase,  a  sharp  increase  takes  place  in 
blood  pressure  and  respiration  stops. 

2.  At  the  peak  of  the  attack,  the  content  of  oxygen  in  the  arter¬ 
ial  blood  is  down  and  that  in  the  venous  (sinus)  blood  is  up.  The  ar¬ 
terial  venous  oxygen  difference  is  sharply  reduced. 

3.  At  the  height  of  the  attack,  during  the  tonic  phase,  the  rate  of 
oxygen  uptake  by  the  tissues  of  the  cerebral  hemispheres  is  depressed. 

4.  5he  oxygen  tension  in  the  brain  drops  at  the  height  of  the  sei¬ 
zure. 

5.  Adaptation  and  acclimatization  to  h.ypoxia  results  in  Increased 
tolerance  to  an  epileptogenic  factor. 
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ON  THE  SIGNIFICANCE  OF  HYPOXIA  IN  THE  MECHANISM  OF  INSULIN 
THERAPY  AS  APPLIED  TO  SCHIZOPHRENIA  PATIENTS 
Ya.M.  Brit van  and  I. A.  Mlzrukhln 
(Vinnitsa) 

A  large  number  of  research  efforts  notwithstanding,  the  mechanism 
by  which  Insulin  has  its  effect  in  treatment  of  schizophrenics  remains 
inadequately  studied.  At  the  same  time,  insulin  therapy  is  still  one  of 
the  most  effective  metncds  for  active  treatment  of  schizophrenia.  To 
this  day,  the  question  as  to  the  importance  of  tne  variable  depth  of 
the  Insulin-induced  comatose  state  in  the  effectiveness  of  the  treat¬ 
ment  has  not  bien  definitely  resolved. 

M.Ya.  Sereyskiy  (1560)  indicates  that  a  factor  of  particular  im¬ 
portance  In  the  insulin  mechanism  is  its  stimulating  effect  on  the  dl- 
encephalon  and  mldbraln.  Ye. A.  Popov  (1950)  concludes  that  what  is  ba¬ 
sic  to  the  mechanism  Involved  in  active  treatment  methods  for  schizo¬ 
phrenia  is  their  effect  on  diencephalic  centers  that  govern  the  adjust¬ 
ment  of  the  vegetative  nervous  system. 

The  cortlco-subcortlcal  mechanism  of  the  action  of  insulin  has 
emerged  with  steadily  increasing  clarity  as  a  result  of  electrophyslo- 
loglcal  researches  of  recent  years.  It  was  shown  by  the  observations  of 
S.I.  Subbornlk  and  P.I.  Shpllberg  (1948)  that  in  the  development  of  in¬ 
sulin  hypoglycemia  induct’d  for  the  purpose  of  treatment  in  schizophren¬ 
ia  patients,  slow,  high  electroencephalogram  waves  are  registered,  and 
we  sometimes  observe  the  disappearance  of  biocurrents  from  the  brain 
cortex.  Intravenous  injection  of  glucose  restores  the  previous  rhythms 
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at  once. 


Working  in  Ya.P.  Frurokin's  clinik,  G.L.  Voronkov  (1955)  observed 
amplification  of  the  alpha-waves  in  schizophrenia  patients  in  the  Ini¬ 
tial  stage  of  insulin  hypoglycemia;  in  more  profound  hypoglycemia  (so¬ 
porous  and  canatose  states),  delta  waves  predominate  in  the  electroen¬ 
cephalogram.  The  appearance  of  convulsions  is  accompanied  by  high-ampli¬ 
tude  waves.  Following  relief  of  the  comatose  state,  a  depression  of  the 
braln  cortex  electrical  activity  is  observed  for  some  time.  Ye.T.  Danl- 
lenko  (1958)  obtained  virtually  similar  results.  She  showed  that  during 
insulin  hypoglycemia,  we  observe,  together  with  deepening  of  tho  vein- 
cortex  inhibition,  inhibition  of  subcortical  divisions  that  regulate 
unconditioned  vascular  reflexes. 

It  should  be  noted  that  great  Importance  came  to  be  attributed  to 
oxygen  starvation  of  the  brain  in  the  insulin  mechanism  even  during  the 
first  few  years  after  it  had  been  Introduced  into  the  treatment  of 
schizoi^renla.  Meyer,  Harris,  Blelok  and  Horwltz  (1938)  and  others  con¬ 
cluded  that  a  depression  of  the  oxidative  processes  in  the  brain  and 
oxygen  starvation  of  that  organ  formed  the  basis  for  the  therapeutic 
effect  of  insulin  on  schizophrenics.  Gel’gorn  (1938)  stressed  the  im¬ 
portance  of  the  retardation  of  cranial  circulation  in  the  mechanism  by 
which  insulin  acts.  He  drew  analogies  between  the  symptoms  of  hypoxia 
that  appear  and  the  phenanena  observed  on  inspiration  of  oxygen-defi¬ 
cient  gas  mixtures,  Damechek  and  Mayerson  (1935)  noted  excessive  oxida¬ 
tion  of  blood  taken  frcan  the  cubital  and  Jugular  veins  during  the  dev¬ 
elopment  process  of  insulin  hypoglycemia. 

As  was  shown  by  the  experimental  studies  of  V.P.  Komlssarenko 
(19^9)#  phenooB  of  reduced  glucose  consumption  by  the  brain  and  hypoxia 
of  cellular  elements  In  the  brain  tissue  are  responsible  for  insulin 
convulsions  and  coma. 
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It  is  worthy  of  note  that  schizophrenlcL  cho'  effects  of  brain 
oxygen  starvation  even  in  their  usual  stat',  prior  tc  the  administra¬ 
tion  of  Insulin.  M.Ya.  Sereyskly  (1957)  emphasized  In  a  discussion  of 
the  pathogenesis  of  schizophrenia  that  one  of  the  most  convincing  the¬ 
ories  is  that  of  tissue  hypoxia  in  the  brain.  Ttie  hypnold  phases  In  the 
activity  of  the  brain  and  Its  functional  Impairment  stand  in  direct  re¬ 
lationship  to  oxygen  starvation. 

N.N.  Slrotlnln  (195^)  suggested  that  therapeutic  value  might  be 
found  In  aggravation  of  the  brain  oxygen  starvation  already  present  In 
schizophrenia  patients  -  something  that  might  be  achieved  by  means  oth¬ 
er  than  the  administration  of  insulin  In  large  doses.  Attempts  were 
made  at  first  to  treat  schizophrenics  by  oxygen  starvation  Induced  un¬ 
der  hypobarlc -chamber  conditions.  Studies  In  this  direction  were  con¬ 
ducted  by  S.D.  Rasln  and  A.Z.  Kolchlnskaya  (1952)  on  patients  In  V. P. 
Protopopov's  clinic.  They  noted  a  high  tolerance  on  the  part  of  the 
central  nervous  system  to  oxygen  shortage  In  the  Inspired  air  and  a  low 
arterial  venous  oxygen  difference,  suggesting  a  decrease  In  the  amount 
of  oxygen  being  used  by  the  brain.  N.N.  Slrotlnln  considers  that  It 
will  be  expedient  to  use  such  high  degrees  of  oxygen  starvation  of  the 
brain  as  are  observed  In  Insulin  shock  for  treating  patients  In  cataton¬ 
ic  stupor. 

The  helpful  Influence  of  prolonged  sojourns  by  schizophrenia  pa¬ 
tients,  particularly  when  the  history  of  the  Illness  Is  short,  under 
the  conditions  of  the  high  mountains  has  been  studied  in  recent  years 
(V.P.  Protophpov  and  N.N.  Slrotlnln,  195^) • 

Our  research  has  Indicated  that  suppression  of  respiration  takes 
place  In  schizophrenia  patients  during  the  development  of  the  comatose 
state  Induced  for  therapeutic  purposes  by  large  doses  of  Insulin.  It 
might  be  suggested  that.  In  addition  to  oxygen  starvation  of  the  brain, 
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arterial  hypoxemia  stemming  from  the  respirator'y  incurficicncy  alrjo 
plays  a  role  in  the  mechanism  of  insulin  therapy.  To  verify  the  hypoth¬ 
esis  advanced  here,  we  undertook  investigations  to  ascertain  the  level 
of  oxygen  saturation  of  the  ar\:erial  blood  during  the  development  of 
insulin  coma  in  schizophrenia  patients. 

The  method  of  continuous  cathodic  oxyhemometry  was  used  to  inves¬ 
tigate  the  oxygen  saturation  of  the  arterial  blood  with  simultaneous 
continuous  kymographlc  registration  of  respiration.  As  the  insulin  coma 
developed,  we  checked  the  blood  sugar  level,  blood  pressure  and  pulse 
rate.  Our  attention  was  drawn  to  the  clinical  symptoms  of  depth  of  coma 
0. P.  Girlch  and  L.I.  Rablna  participated  in  the  investigations.  It  is 
necessary  to  note  that  the  oxyhemometry  technique  is  being  used  in  in¬ 
creasing  volume  in  medical  practice.  Many  reports  are  being  published 
on  changes  in  the  oxygen  saturation  of  the  arterial  blood  during  sur¬ 
gery  of  the  lungs  and  heart  and  in  patients  in  therapeutic,  obstetric - 
gynecological  and  other  clinics. 

We  have  encountered  only  two  papers  reporting  on  the  use  of  oxy¬ 
hemometry  in  clinical  psychiatry.  One  of  these,  by  Z.R.  Tyushkevlch 
(1957)  was  devoted  to  the  variation  of  the  arterial  blood  oxygen  sat¬ 
uration  during  insulin  therapy  of  schizophrenia,  while  the  other,  by 
B.V.  Ryazantsev  (1957),  was  compiled  on  the  basis  of  research  material 
on  schizophrenia  patients,  generally  with  the  apathetic  syndrome,  under 
the  condltlcxis  of  functional  stress.  It  was  noted  in  the  latter  work 
that  when  a  patient  is  switched  from  breathing  pure  oxygen  to  atmospher 
ic  air,  the  arterial  blood  becomes  saturated  to  90-98^*  In  our  studies, 
the  oxygen  saturation  of  the  blood  was  94-965^  before  the  administration 
of  Insulin. 

We  examined  \6  patients  with  paranoid  and  catatonic  forms  of 
schizophrenia.  The  patients  exhibited  varying  degrees  of  the  comatose 


state.  The  study  was  made  on  the  state  of  manifest  or  profound  coma  in 
10  patients,  on  the  precomatose  state  in  h  and  in  a  state  of  psychomc- 
tor  excitation  lasting  several  hours  but  not  terminating  in  coma  in  2 
patients.  We  followed  the  suggestions  of  N.K.  Bogolepov  (1950)  in  de¬ 
fining  the  depth  of  the  eonatose  state. 

The  results  of  our  observations  indicate  that  a  ccaislderable  drop 
in  the  oxygen  saturation  of  the  arterial  blood  is  to  be  observed  in  all 
patients  as  insulin  hypoglycemia  becomes  more  acute  and  the  comatose 
state  develops.  A  slight  lowering  of  the  oxygen  saturation  of  the  blood 
is  noted  as  soon  as  20-30  min  after  administration  of  the  Insulin.  The 
subsequent  decrease  takes  place  gradually  and  reaches  its  maximum  in 
the  comatose  state.  X  decline  in  the  oxygen  saturation  level  of  the 
blood  was  noted  also  in  2  patients  in  whom  prolonged  psychomotor  excita 
tion  did  not  terminate  in  coma.  In  one  of  these,  the  oxygen  saturation 
of  the  blood  had  dropped  from  95  to  80^  1  hour  50  minutes  after  admin¬ 
istration  of  84  units  of  insulin,  and  it  was  down  to  after  2  hours 
30  minutes.  In  the  other  patient  [both  females  -  Trans.],  the  maximum 
decrease  in  the  oxygen  saturation  of  the  arterial  blood  following  ad¬ 
ministration  of  112  units  of  Insulin  occurred  after  3  hours  25  minutes 
at  Q2^. 

It  should  be  noted  that  the  precomatose  state  was  distinguished  by 
a  smaller  decrease  in  the  oxygen  saturation  of  the  blood  than  was  the 
comatose  state.  Strict  parallelism  between  the  depth  of  the  comato.^e 
state,  the  degree  of  hypoglycemia  and  the  extent  to  which  the  blood  oxy 
gen  saturation  has  been  reduced  was  observed  only  in  s^  le  of  the  pa¬ 
tients.  The  dynamic  aspect  of  the  reciprocal  relationships  Involved  in 
the  changes  in  the  patients'  clinical  state,  extent  of  hypoglycemia  and 
arterial  hypoxemia  as  the  comatose  state  develops  following  administra¬ 
tion  of  insulin  may  be  seen  from  the  examples  presented  below. 
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In  the  patient  S.  [female],  profound  coma  wac  accompanied  by  a 
drop  In  hlood  sugar  to  30  mg-ji  with  a  decrease  In  the  oxygen  saturation 
of  the  arterial  blooa  to  In  pb  lent  N.  [male],  the  preccanatose 

state  had  developed  3  hours  after  administration  of  75  units  of  insulin. 
The  blood  sugar  came  to  40  mg-^,  while  the  oxygen  saturation  of  the 
blood  was  74^.  In  patient  Q.  [female],  a  state  of  drowsiness  and  per¬ 
sistent  Btupe^ctlon  was  developing  2  hours  15  minutes  after  administra¬ 
tion  of  108  units  of  insulin.  The  oxygen  saturation  of  the  arterial 
blood  dropped  to  785^,  and  a  further  decrease  to  70^  was  observed  15 
minutes  later.  Cosna  Intervened  soon  thereafter,  and  was  accompanied  by 
convulsive  seizures.  The  patient  could  be  brought  out  of  the  cematose 
state  only  after  12  hours.  IXiring  the  entire  period  of  profound  coma, 
no  further  decrease  in  the  oxygen  saturation  of  the  arterial  blood  was 
observed. 

Prior  to  adminlstraticxi  of  insulin,  the  patient  G-va  [female]  had 
a  blood-sugar  ccaitent  of  103  and  a  96j^  oxygen  saturation  of  the 
arterial  blood.  Then,  30  minutes  after  subcutaneous  Injection  of  32 
units  of  insulin,  the  oxygen  saturation  of  the  blood  was  It  was 

925^  after  1  hour,  after  2  hours  and  88j^  after  3  hours.  When  3  hours 
and  20  minutes  had  elapsed  since  administration  of  the  Insulin,  dis¬ 
tinct  coma  arose;  at  this  point,  the  blood  sugar  was  35  mg-J^  and  the 
oxygen  saturation  of  the  arterial  blood  was  885^.  Prior  to  the  Injection 
of  Insulin,  the  patient  P-lch  [female]  had  a  blood  sugar  of  115  mg-J^ 
and  945^  oxygen  saturation  of  the  arterial  blood.  When  30  minutes  had 
elapsed  following  subcutaneous  administration  of  II6  units  of  Insulin, 
the  oxygen  saturation  of  the  blood  was  92J^;  at  2  hours  the  figures  were 
82J^  with  45  mg-5^  of  sugar,  and  deep  eexna  Intervened  after  3  hours  30 
minutes.  The  blood  oxygen  saturation  was  60ji  and  the  sugar  content  32 
mg-J^.  The  oxyhemometry  data  of  this  patient  are  shown  In  Fig.  1. 
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In  the  patient  G-k  [female],  the  blood 


P 


sugar  was  107  and  the  oxygen  satura¬ 

tion  of  the  arterial  blood  prior  to  the 
administration  of  Insulin.  The  oxygen  sat¬ 
uration  of  the  blood  had  dropped  to  905^  30 
minutes  after  subcutaneous  administration 


Fig.  1.  Oxygen  satura¬ 
tion  of  arterial  In  pa¬ 
tient  P-ch  during  the 
development  of  Insulin 
coma.  The  arrow  marks 
administration  of  Il6 
units  of  Insulin.  1) 
Percentage  saturation 
of  blood  with  Opj  2) 
time,  minutes. 


of  38  units  of  Insulin,  to  88$^  after  2 
hours  and  to  84^  after  3  hours.  The  precom- 
tose  state  was  observed  after  3  hours  30 
minutes,  with  the  blood  sugar  at  ^5  nig-J^ 
and  the  blood  oxygen  saturation  at  8051^.  The 
oxyhemometry  data  for  this  patient  are 


shown  In  Fig.  2. 

Tests  were  made  on  a  number  of  pa¬ 
tients  after  they  had  come  out  of  the  coma¬ 
tose  state.  Restoration  of  the  blood-sugar 
level  took  place  very  rapidly,  but  while 


Pig.  2.  Oxygen  satura¬ 
tion  of  arterial  blood 
In  patient  G-k  during 
development  of  Insulin 
coma.  The  arrow  marks 
the  admlnlstratloi  of 
38  units  of  Insulin. 

1)  Percengate  satura¬ 
tion  of  blood  with  Oo; 

2)  time,  minutes. 


the  oxygen  saturation  of  the  arterial  blood 
showed  a  significant  rise  during  the  first 
10  minutes  following  the  administration  of 
glucose.  It  did  not  reach  th\e  Initial  fig¬ 
ures  during  30  minutes  of  observation. 

In  most  of  the  patients  that  we  exam¬ 


ined,  respiration  was  progressively  suppressed  during  the  development 
of  hypoglycemia  and  the  comatose  state.  In  the  initial  phase  of  insul¬ 


in  hypoglycemia,  we  usually  noted  a  decrease  In  the  amplitude  of  res¬ 
piration  with  a  quickening  of  Its  rhythm.  Undulating  variations  In  amp¬ 
litude  occurred  frequently.  In  patients  with  psychomotor  excitation  and 


manifest  vegetative  derangements,  considerable  variability  of  the  res- 
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plratory  rhythm  and  amplitude  was  observed  In  the  period  prior  to  the 
onset  of  coma.  Sometiines  the  rhythm  was  thrown  Into  total  disorder, 
with  excitation  periods  alternating  with  temporary  suspenslcais  of  res¬ 
piration.  As  stupefaction  deepened,  however,  the  periods  of  uniform 
resplratloi  became  longer  and  l(xiger  at  decreased  amplitude. 

The  respiratory  rhythm  usually  became  more  uniform  at  onset  of  the 
distinctly  comatose  state,  with  nonuniform  amplitude  values  In  differ¬ 
ent  patients  and  a  somewhat  accelerated  x^ythm.  The  impression  formed 
was  that  the  pneumogram  was  approaching  normal.  Not  once  did  we  ot- 
ser\^e  the  typical  chaln-stokes  respiration  or  any  severe  derangements 
of  the  terminal  type  (prolonged  apneueis,  Kussmaul's  rhythm,  continuous 
"gasping"). 

ESnergence  of  the  patients  from  the  comatose  state  after  Intraven¬ 
ous  ad!riinl8trstl(xi  of  glucose  was  accompanied  by  disordered  respiratory 
rhythm,  periods  of  deep  breathing  alternating  with  highly  superficial 
respiration.  Arrhythmia  of  respiration  vanished  completely. 

Our  data  on  the  changes  In  blood  pressure  and  pulse  frequency  fol¬ 
lowing  administration  of  Insulin  differ  little  from  those  described  In 
the  literature  (Kirillov,  19^8,  and  others).  An  Increase  In  pulse  pres¬ 
sure  at  the  expense  of  a  diop  In  diastolic  pressure,  together  with  a 
quickening  of  cardiac  rhythm,  must  be  regarded  as  most  characteristic 
for  Insulin  hypoglycemia  In  schizophrenics.  In  the  patients  studied,  we 
noted  that  a  relatively  high  maximum  arterial  pressure  was  maintained 
on  onset  of  coma. 

Thus,  the  results  of  our  Investigations  Indicate  that  In  schizo¬ 
phrenia  patients,  a  progressive  decrease  In  the  oxygen  saturation  of 
the  arterial  blood  takes  place  during  the  development  of  Insulin  hypo¬ 
glycemia  and  the  comatose  state.  The  decrease  begins  a  short  time  after 
admlnistratlcwi  of  large  doses  of  Insulin.  During  the  time  of  hypoglycem- 
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ic  excltatlcxi  and  vegetative  disturbances,  the  oxygen  saturation  of  th'. 
arterial  blood  continues  to  diminish  and  reaches  Its  maximum  [sic]  In 
the  pre-  and  comatose  states. 

The  level  of  arterial  blood  oxygen  saturation  diminishes  to  dif¬ 
ferent  degrees  in  the  comatose  state  In  different  patients.  In  many  pa¬ 
tients,  a  considerable  decrease  coincides  with  suppression  and  distinct 
I  derangement  of  respiration.  However,  a  decrease  In  the  oxygen  satura- 

itlon  of  the  blood  can  be  observed  together  with  uniform,  deep  and  quick 

ened  resplratlcxi.  This  can  be  accounted  for  by  considerable  vasomotor 

I 

I  disturbances  and  redistribution  of  the  blood  In  the  organs,  with  chang- 

Ies  In  the  relationship  between  the  ventilation  and  blood  supply  to  the 
^  lungs  as  a  result  of  the  Insulin  Intoxication. 

I  As  has  been  shown  by  the  studies  of  M.Ye.  Marshak  (1953),  the  ar- 

-1 

I  terlal  blood  oxygen  saturation  depends  not.  only  on  the  degree  of  pul- 

f 

I  monary  ventilation,  but  also  on  the  reciprocal  relationship  between  the 

% 

a. 

^  ventilation  and  blood  supply  of  the  lungs,  and  sometimes  even  that  of 
Individual  zones  of  the  lungs.  M.Ye.  Marshak  Invokes  changes  In  the 
-  functional  Interrelationships  between  ventilation  and  blood  supply  to 

I 

■  the  lungs  to  account  for  the  considerable  drop  In  the  percentage  oxygen 
saturation  of  the  arterial  blood  during  muscular  work  In  unconditioned 
persons.  The  effect  of  muscle  load  on  the  oxygen  saturation  of  the  ar¬ 
terial  blood  under  normal  and  hypoxic  conditions  was  Investigated  by 
V.I,  Voytkevlch  (1955)*  She  came  to  the  conclusion  that  the  arterial 
blood  oxygen  saturation  depends  on  the  ability  of  the  organism  to  in¬ 
tensify  Its  respiration  and  blood  circulation  and  on  the  extent  of  the 
correlation  between  the  respiratory  and  circulatory  changes.  Experimen¬ 
tal  studies  on  animals  to  determine  the  various  ways  In  which  changes 
In  the  arterial  blood  oxygen  saturation  depend  on  the  type  of  respira¬ 
tion  were  published  In  1956  by  Al’bers,  Brendel •  and  Yuzlnger. 
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L.A.  Ballonov  and  A. Ye.  Llchko  (195B)  Indicate  that  In  cchlzophrcn 
la  patients,  the  variety  of  respiratory  reactions  Increases  with  ad¬ 
vancing  insulin  hypoglycemia,  manifesting  at  times  in  the  fcnn  of  acutc- 
excltatlon,  at  other  times  in  prolonged  suspension;  arrhythmia  and  al- 
tematloi  of  periods  of  frequent  with  slackened  respiration  are  noted 
at  times,  with  the  amplitudes  nonuniform. 

P.M.  Kazakov  (1957)  observed  considerable  variability  in  respira- 
tlai  of  schizophrenia  patients  prior  to  the  onset  of  the  comatose  state 
He  stresses  the  more  unlfonn  nature  of  the  respiration  as  the  coma  sets 
in.  Literature  data  concerning  changes  in  respiration  during  insulin 
hypoglycemia  in  schizophrenics  still  remain  sparse,  as  was  noted  as 
long  ago  as  1939  by  L.P.  Nolukalo. 

The  results  of  our  investigations  permit  the  conclusion  that,  to¬ 
gether  with  oxygen  starvation  of  the  brain,  arterial  hypoxemia  is  also 
a  factor  In  the  mechanism  of  Insulin -coma  therapy.  It  may  be  assumed 
that  general  tissue -^lypoxia  also  arises  during  Insulin  intoxication. 

The  experimental  studies  of  S.O.  Qenes  (1957)  indicated  that  when  we 
administer  large  doses  of  insulin  we  are  observing  its  direct  action 
upon  the  organism's  organs  and  tissues. 

As  concerns  the  intermediate  links  in  the  mechanism  of  the  thera¬ 
peutic  effect  of  insulin  coma,  it  appears  that  particular  importance 
must  be  ascribed  to  the  profound  Inhibition  of  the  central  nervous  sys¬ 
tem  that  arises  under  the  Influence  of  hypoxia  and  stimulates  recovery 
processes.  Ir  conclusion,  we  must  point  out  the  necessity  of  adoption 
of  the  continuous  cathodic  oxyhemometry  technique  on  a  broader  scale 
in  psychiatric  practice - 
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DYSOXIA  AS  A  CONDITION  DISTINCT  FROM  HYPOXIA* 

G.B.  Derviz 
(Moscow) 

We  should  like  to  introduce  clarity  into  certain  problems  concern¬ 
ing  hypoxia,  as  well  as  into  a  broad  range  of  states  frequently  assoc¬ 
iated  with  it,  in  which  oxidative  metabolism  processes  are  disturbed. 
The  fact  Is  that  in  my  everyday  work  with  experimental  pathophysiolo¬ 
gists  and  clinical  medicine  specialists,  I  frequently  encounter  a 
strong  feeling  of  dissatisfaction  in  processing  data  and  occasionally 
I  am  obliged  to  resort  to  long-winded  explanations  to  develop  proper 
understanding. 

As  we  know,  the  following  terms  are  in  widespread  use  at  the  pre¬ 
sent  time;  oxygen  insufficiency,  an  extremely  broad  term  denoting  "some 
sort  of  unwell  condition"  of  the  organism  connected  with  oxygen;  oxygen 
starvation,  a  concept  making  reference  to  a  deficiency  of  oxygen;  and 
hypoxia  -  perhaps  the  most  satisfactory,  crisp  and  expressive  term,  but 
still  a  rather  vague  one.  Do  we  not  employ  this  last  term  too  often? 
After  all,  as  some  pe'^ple  understand  it,  hypoxia  occurs  in  almost  any 
pathological  state. 

I  should  like  to  emphasize  that  by  its  etymology,  the  term  hypoxia 
should  connote  something  associated  either  with  low  concentration,  or 
with  decreased  quantity,  or  with  quantitatively  Inadequate  utilization 
of  oxygen.  But  this  term  has  no  content  as  regards  the  quality  of  the 
ox:. dative  process  Itself.  The  latter  may  be  qualitatively  altered  or 
unaltered  as  compared  with  the  normal  process.  In  all  probability,  it 
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will  be  affected  If  there  Is  a  slpnif leant  shortage  of  oxygen,  but  this 
Is  not  absolutely  necessary. 

At  the  same  time,  we  have.  In  our  study  of  pathology,  accumulated 
data  Indicating  not  so  much  a  change  in  the  amount  of  oxygen  being  used 
as  the  qualitative  nature  of  this  consumption,  i.e.,  the  nature  of  in¬ 
tracellular  oxidative  processes.  Let  us  present  some  of  the  facts  that 
we  have  derived. 

First,  a  few  words  on  the  u.ethodological  approach  that  we  have 
used.  Usually,  the  consumpi^ion  of  oxygen  is  determined  in  studies  of 
the  re8plrati(xi  of  isolated  tissues  by  the  Warburg  method,  quite  often 
concurrently  with  an  investigation  of  anaerobic  glycolysis,  although  It 
must  be  noted  that  there  is  little  linking  these  two  processes.  In  a 
departure  frexn  this  design  of  the  experiments,  we  have  made  an  effort 
at  more  purposive  study  of  the  oxidation  process.  Using  the  Warburg 
with  the  tissues  Incubated  in  an  oxygen  atmosphere,  we  determined  the 
gas  metabolism  of  the  tissues,  i.e.,  not  only  the  consumption  of  0^, 
but  also  the  CO2  evolved.  Further,  the  total  quantity  of  organic  acids 
formed  and,  sometimes  also  the  specific  quantity  of  pyruvic  acid,  were 
determined  In  the  cell  suspensicxi  before  incubation  and  at  the  end  of 
incubation.  Thus,  we  obtained  a  conception  as  to  the  quantity  of  both 
one  of  the  initial  products  (oxygen)  and  the  principal  final  product 
(carbon  dioxide)  of  the  oxidative  process.  Calculating  the  respiratory 
coefficient,  we  drew  Inferences  as  to  the  completeness  of  the  combus¬ 
tion  prcjess  and  the  extent  to  which  the  oxygen  remains  bound  In  Inter¬ 
mediate  stages  of  the  oxidation.  These  data  were  supplemented  by  direct 
determination  of  the  Intermediate  metabolic  products  In  the  form  of  the 
total  organic  acids. 

In  1955 f  working  with  A.G.  Stepanenko,  we  studied  the  gas  metabol¬ 
ism  of  a  bc»ie-^Mirrow  suspension  after  it  had  been  denervated.  One  of 


-  7^2  - 


the  rear  extremities  of  a  cat  was  denervated.  For  this  purpose,  a  sc:> 

I  znent  1-2  cm  long  was  resected  from  the  femoral  and  sciatic  nerves,  and 
'  the  nerve  plexuses  running  along  the  femoral  artery  were  destroyed  by 
^moistening  them  with  tincture  of  iodine.  The  other  rear  extremity  was 

I  left  alone.  Also  included  in  the  experiment  were  animals  one  of  whose 

i 

I  rear  extremities  had  been  cut  across,  but  without  damage  to  the  nerves 
I (surgical  traumatic  injury  to  the  extremities).  The  animals  were  sacrl- 
Iflced  5-10  days  later.  Suspensions  of  bone  marrow  were  prepared  in  buf- 

I 

fer -phosphate -salt  solution  from  the  marrow  of  the  femora  and  tablae. 

It  was  found  that  nothing  unusual  could  be  detected  as  regards  the 

lamount  of  absorbed  by  the  "denervated"  bone-marrow  suspension;  sane 
I  ^ 

I decrease  in  the  uptake  of  Og  as  compared  with  the  controls  may  be  ac- 
5 counted  for  by  the  edema  observed  in  the  denervated  bone  marrow  and, 

I consequently ,  the  decreased  amount  of  dry  active  matter  in  it. 

,  The  most  Interesting  observation  in  these  experiments  was  the  fact 

4 

ithat  a  decrease  in  the  amount  of  COg  excreted  takes  place  out  of  pro¬ 
portionality  to  the  Og  figure,  so  that  the  respiratory  coefficient  of 
the  "denervated"  bone-marrow  suspension  turned  out  to  be  slight  (by  0.1- 
0.2  unit)  but  consistently  lower  as  compared  to  the  "respiratory  coef¬ 
ficient"  of  the  "control"  bone-marrow  suspension  (Table  1).  That  this 
effect  is  not  accidental  is  indicated  by  the  following.  After  surgical 
trauma  (without  denervatlor ) ,  we  observed  only  Insignificant  differen¬ 
ces,  not  exceeding  the  errors  of  the  method  used,  in  the  respiratory 
coefficients  of  the  bone  marrow  of  the  two  extremities. 

Subsequently,  again  working  with  A.G.  Stepanenko,  we  studied  gas 
metabolism  and  organic  acid  formation  during  incubation  of  guinea  pig 
liver  pulp  from  animals  that  had  perished  or  been  sacrificed  during 
anaphylactic  shock.  Control  determinations  were  made  with  liver  from 
sensitized  animals  sacrificed  by  air  embolism  or  by  asphyxia,  since 
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there  is  a  body  of  opinion  to  the  effect  that  asphyxia  Is  a  factor  of 
no  little  Importance  in  the  pathogenesis  of  anaphylactic  shock  in  gui¬ 
nea  pigs. 

It  is  evident  from  Table  2  that  the  absorption  of  0^  for  "shock" 
liver  tissue  was  equal  to  that  under  normal  conditions,  both  in  the  ex¬ 
periment  and  in  the  control.  The  figures  vary  within  the  same  limits 
and  have  the  closely  similar  averages  of  205,  212,  and  221  \xl}  on  the 
other  hand,  the  excretion  of  CO2  by  the  "shock"  tissue  Is  down  sharply, 
at  88  pi  instead  of  the  normal  159  pil#  l.e.,  it  has  been  almost  halved. 
As  a  result,  the  respiratory  coefficient  of  the  "shock"  liver  tissue  Is 
exceptlcxially  low;  it  fluctuates  In  the  range  from  0.37-0. 50,  averaging 
only  0.42  instead  of  the  normal  O.76. 

The  following  interesting  and  consistently  observed  phenomena  must 
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TABLE  2 


Oxygen  Absorption  and  Carbon  Dioxide  Excretion 
During  Incubation  of  Guinea  Pig  Liver  Tissue 
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be  noted  in  connection  with  the  organic  acids.  While  a  decrease  in  the 
total  quantity  of  organic  acids  by  1-2  mg-eq,  and  decrease  in  the 
amount  of  pyruvic  acid  by  1  mg-J^  take  place  in  normal  liver  tissue  dur¬ 
ing  incubation  (l.e.,  the  organic  acids  are  subject  to  oxidative  "clean¬ 
up"  during  incubation  in  the  oxygen  atmosphere),  the  quantity  of  these 
substances  increases  by  as  much  in  the  "shock"  tissue.  It  may  be  as¬ 
sumed  that  the  "shock"  tissue  has  lost  its  ability  to  oxidize  organic 
acids  rapidly  even  in  an  oxygen  atmosphere  (or  its  ability  to  break 
them  up  in  other  ways). 

But  how  can  we  characterize  the  state  of  the  cells  that  is  ob¬ 
served  in  the  two  cases  described:  as  more  acute  in  anaphylactic  shock 


and  of  lower  level  when  the  bone  marrow  Ic  denervated?  Formally,  I  uLcd 
to  Interpret  It  as  a  kind  of  histotoxic  hypoxia  with  disturbance  to 
oxidative  processes,  but  without  a  quantitative  change  In  oxygen  con¬ 
sumption.  This,  however,  was  clearly  against  logic,  since  there  was  no 
oxygen  starvatloi  In  these  cases:  the  cell  suspension  was  In  an  oxygen 
atmosphere  and  was  taking  up  a  normal  amount  of  oxygen.  There  was  only 
a  disturbance  to  the  o'lldatlve  processes  with  formation  of  Incompletely 
oxidized  substances. 

This  naturally  brings  to  mind  the  terms  used  to  denote  changes  in 
oxidative  processes.  As  we  know,  a  disturbance  of  the  oxidation  process 
throughout  the  entire  organism  with  an  elevated  O/N  coefficient  In  the 
urine  was  given  the  name  dysoxldatlve  carbonuria  by  Blkel ’  and  Kaufuian- 
Kosel.  n^en  Perel'man  (19^7)  described  dysoxldatlve  processes.  Later, 
at  a  conference  on  the  problem  of  "Oxygen  Insufficiency  in  the  Organism" 
(Kiev,  19^7)*  I  expressed  my  feeling  that  a  special  group  of  dys oxida¬ 
tive  states  be  singled  out  from  among  the  states  of  histotoxic  hypoxia, 
and  followed  up  with  my  proposal  to  a  session  of  the  biochemistry  sec¬ 
tion  of  the  Society  of  Physiologists,  Biochemists  and  Pharmacologists 
(Moscow,  1953)*  Over  10  years  hive  passed  since  then,  and  the  facts 
that  have  been  accumulated  have  not  ojily  failed  to  refute  the  proposi¬ 
tions  advanced  at  that  time,  but,  to  tie  contrary,  have  convinced  me  of 
the  necessity  of  distinguishing  the  fully  Justified  term  dysoxia  in 
parallel  to  hypoxia. 

I  propose  the  use  of  this  term  to  connote  pathological  states  in 
which  a  change  in  the  oxidative  metabolic  process  of  the  cells  takes 
place  without  quantitative  disturbance  to  oxygen  uptake  and  without  any 
hindrance  to  this  uptake.  It  is  possible  to  conceive  of  a  state  in 
which  the  activity  of  the  cytochromlc  systems  remains  normal,  but  there 
is  lack  of  harmony  among  the  enzymatic  processes,  and  oxidative  and 
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other  processes  that  normally  follow  smoothly  one  after  the  other  be¬ 
come  disjointed;  In  particular.  It  would  appear  that  the  splitting  off 
of  COg  (decarboxylation)  Is  disturbed.  Needless  to  say,  far  from  every 
thing  Is  absolutely  clear  In  this  area,  and  study  of  the  essential  na¬ 
ture  and  mechanism  of  the  disturbances  to  the  oxidative  processes  Is  an 
interesting  problem  for  biochemical  research. 

It  appears  that  cases  occur  In  which  charges  In  the  Intermediate 
processes  are  accompanied  by  accumulation  of  Intermediate  substances 
even  without  a  change  in  the  character  of  the  respiratory  coefficient. 

We  had  occasion  to  investigate,  together  with  A.G.  Stepanenko  and 
O.D.  Romanova,  the  gas  metabolism  of  pathological  leucocytes  obtained 
from  the  blood  of  leukemia  patients.  As  will  be  seen  frean  Fig,  1,  the 
gas  metabolism  of  these  leucocytes  was  abnormally  high  as  compared  with 
that  of  normal  ones.  The  excretion  of  carbon  dioxide  was  also  at  a  high 
level,  with  an  even  greater  abnormality  than  that  observed  for  oxygen. 
The  respiratory  coefficient  was  found  to  be  unusually  high;  It  averaged 
1.06  as  compared  with  0.87  for  the  control  (l.e.,  the  gas  metabolism  of 
normal  leucocytes).  Thus,  it  Is  as  though  oxidation  were  proceeding 
conspicuously,  but  nevertheless  on  Investigation  of  the  organic  acids 
It  was  found  that  after  incubation,  the  leucocytes  of  leukemia  patients 
shew  an  Increase  In  organic  acids,  while  in  normal  cells  the  organic 
acids  are,  s  usual,  lower  (Fig,  2). 

It  mlgh  be  assumed  that  fats  formed  in  the  leucocytes  of  the 
leukemia  patients  at  the  expense  of  carbohydrates,  while  at  the  same 
time  organic  acids  accumulated  as  a  result  of  some  process  yet  uniden¬ 
tified.  This  observation,  which  should  under  no  circumstances  be  re¬ 
ferred  to  as  hypoxia,  may  be  called  ‘’dysoxia." 

Up  to  this  point,  we  have  been  discussing  respiration  of  cells  in 
an  oxygen  atmosphere  in  in  vitro  experimerits ,  but  it  will  be  understood 


Fig.  1.  Qas  Metab¬ 
olism  of  leucocytes 
(In  [il  of  gas  Mr 
10^  leucocytes).  1) 
Op  uptake;  2)  COp 
excretion.  The  res¬ 
piratory  coefficient 
is  shown  in  the  cir¬ 
cles.  A)  Chi.*onlc 
myelosis;  B)  lym¬ 
phadenosis;  C)  nor¬ 
mal. 


that  the  same  also  applies  to  the  or^anisni  as 
a  whole.  Here  again,  also  in  contradistinction 
to  hypoxia,  behind  which  there  is  no  oxygen 
insufficiency,  are  definitely  distinguishable. 

Summing  up,  we  can  make  the  follow in 
statement.  There  has  been  nothing  particularly 
new  in  the  questions  that  I  have  raised.  Re¬ 
ports  on  dysoxldatlve  carbonuria,  dys oxidative 
processes  and  dysoxldatlve  states  have  long 
been  appearing  in  the  literature.  However, 
taking  advantage  of  the  present  conference,  I 


Fig.  2.  Organ  acids 
in  leucocytes  before 
and  after  incubation 
(in  mg-»q).  l)  Be¬ 
fore  incubation;  2) 
after  incubation.  A) 
Chronic  myelosis:  B) 
lymphadenosis;  C) 
Increase;  D)  by  +2.2; 
Ej  by  +1.1;  F)  normal; 
G)  decrease  by  0.3* 


have  again  resolved  to  draw  attention  to  this 
problem,  proposing  that  a  clear  boundary  be 
drawn  between  hypoxia  and  dysoxla.  It  seems  to 
that  progress  in  the  field  of  biochemistry 
and  experimental  technique  is  now  at  a  level 
such  that  study  of  the  difficult  but  interest¬ 
ing  matter  of  disturbances  to  oxidative  and 
other  metabolic  processes  of  the  tissues  can 
be  advanced  rapidly  and  fruitfully. 
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ON  THE  PROBLEM  OF  GLASSIFYING  DEGREES  OF  HYPOXIC  STATES* 

A.Z.  Kolchinskaya 
(Kiev) 

Despite  the  fact  that  an  enormous  number  of  experimental  and  clin¬ 
ical  Investigations  have  been  devoted  to  the  problem  of  hypoxia,  there 
Is  no  consistent  terminology  for  definition  of  the  degree  of  a  hypoxic 
state.  To  this  day,  various  authors  are  using  arbitrary  selected  terms 
("nonacute  hypoxia ," "hypoxia  of  low  degree, ""hypoxia  of  moderate  de¬ 
gree, ""acute  hypoxia, " "anoxia, "  and  the  like),  without  connoting  by 
these  terms  any  conceptions  with  rigorous  scientific  sense  defined  by 
definite  parameters. 

The  absence  of  a  consistent  terminology  Is  accounted  for  by  the 
fact  that  there  Is  as  yet  no  satisfactory  and  generally  accepted  clas¬ 
sification  of  the  degrees  of  hypoxic  states.  The  urgent  necessity  of 
working  out  such  a  classification  Is  demanded  not  only  by  the  rigors  of 
experiment,  but  also  by  the  requirements  of  the  clinic,  which  Is  forev¬ 
er  encountering  hypoxia  In  various  disorders  and  forms  of  surgical  In¬ 
tervention,  and  by  those  f  medical  support  for  the  mining  Industry, 
aviation,  astronautics,  etc.,  where  precise  and  timely  diagnosis  of  the 
degree  of  a  hypoxic  state  can  provide  safety  In  work  at  high  altitudes 
and  flight  safety. 

In  defining  oxygen  Insufficiency,  the  terms  "hypoxia’’  -  reduced 
quantity  of  oxygen  -  and  "anoxia"  —  absence  of  oxygen  -  are  often  used 
synonymously.  Thus,  Van  Llr  one  of  the  foremost  specialists  on  hypoxia, 
uses  the  term  "anoxia"  to  signify  all  Imaginable  varieties  of  hypoxic 
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state.  To  most  authors,  on  the  other  hand,  "hypoxia"  Is  a  term  rel'er- 
rlng  to  a  state  of  oxygen  insufficiency,  while  "anoxia"  refers  to  the 
extreme  degrees  of  oxygen  starvation. 

Wiggers  (19^1)  proposed  that  the  term  "hypoxia"  be  applied  to 
states  that  develop  when  the  oxygen  content  of  the  Inspired  air  is  re¬ 
duced  to  12^.  States  that  develop  vrtien  the  oxygen  content  in  the  in¬ 
spired  air  is  further  lowered  to  7-6j^,  when  acute  cardiac  insufficiency 
manifests  Itself,  he  prefers  to  call  "critical  anoxia. "  The  classifica¬ 
tion  of  Wiggers,  in  which  the  basic  Indices  are  the  percentage  contents 
of  oxygen  in  tlte  inspired  air  and  the  change  in  the  frequency  of  heart 
contractions,  has  not  come  into  widespread  use,  since,  first  of  all, 
the  percentage  content  of  oxygen  in  the  inspired  air  can  be  used  only 
as  an  orlentatlve  criterion  of  degree  of  hypoxia,  since  at  a  given  oxy¬ 
gen  partial  pressure  in  the  air,  the  degree  of  hypoxemia,  the  oxygen 
saturation  of  the  arterial -blood  hemoglobin  and  the  content  of  oxygen 
in  it  may  vary;  the  state  of  the  organism  and  the  oxygen  uptake  by  the 
tissues  may  also  be  different.  Further,  even  so  Important  an  index  of 
the  organism's  state  as  the  change  in  pulse  frequency,  which  Wiggers 
takes  as  a  basic  criterion,  cannot  be  considered  dependable  when  taken 
in  isolation,  particularly  in  hypoxia  of  subacute  manifestation. 

The  most  widely  known  classification  of  hypoxic -state  degrees  is 
that  proposed  by  Henderson  (1933)*  This  author,  and  later  Van  Slyke 
(1935),  Juxtaposed  the  indices  characterizing  the  composition  of  the 
inspired  gas  mixture  (oxygen  partial  pressure  in  the  inspired  air,  al¬ 
titude  in  thousands  of  meters  above  sea  level)  with  the  percentage  oxy¬ 
gen  saturation  of  the  arterial  hemoglobin,  the  oxygen  partial  pressure 
in  the  arterial  blood  and  certain  other  subjective  and  clinical  indices. 

Distinguishing  four  degrees  of  acute  hypoxic  hypoxia,  the  authors 
assign  to  the  first  degree  hypoxia  that  arises  on  inspiring  air  with 
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pO^  =  120-90  nan  Hg  (altitude  below  4870  m),  when  the  arterial  hemoi:lG- 
bln  Is  89-85$^  saturated  with  oxygen  and  the  pO^  of  the  arterial  blood 
Is  60-45  nun  Hg.  The  acccanpanylng  clinical  symptoms  are  headache,  gener¬ 
al  weakness,  a  decline  In  the  functions  of  the  central  nervous  system, 
disturbances  to  muscular  coordination,  and  quickening  of  the  pulse  and 
respiration. 

The  second  stage  of  hypoxia  arises  when  the  PO2  In  the  Inspired 
air  has  dropped  to  70  mm  Hg  (altitudes  up  to  7550  m),  when  the  arterial 
hemoglobin  Is  87 -74$^  saturated  and  the  pO^  In  the  arterial  blood  =  55- 
40  ram  Hg.  Clinically,  we  note  precoma  or  postcoma  In  such  cases  -  states 
approaching  loss  of  consciousness.  Phenomena  observed  Include  a  v/eaken- 
Ing  of  the  critical  faculty,  emotional  Instability,  a  shamberlng  gait, 
muscular  efforts  producing  cardiac  weakness,  and  Insensitivity  to  cuts 
and  bruises. 

The  third  degree  of  hypoxia  In  this  classification  sets  In  when 
the  PO2  the  Inspired  air  has  dropped  to  45  mm  Hg  (10,500  m);  here, 
the  oxygen  saturation  of  the  arterial  hemoglobin  may  drop  to  33^  snd 
the  PO2  of  the  arterial  blood  to  40-20  mm  Kg.  Clinically,  we  observed 
loss  of  consciousness,  cerebral  coma  with  "a  fixed  glassy  stare."  The 
organism  can  be  brought  out  of  this  state  by  administration  of  oxygen. 

The  fourth  degree  of  hypoxia  takes  over  when  the  PO2  of  the  arter¬ 
ial  blood  Is  below  20  mm  Hg  (altitudes  exceeding  10,500  m).  The  coma¬ 
tose  state  Is  observed;  respiration  Is  extremely  sluggish.  Cessation  of 
respiration  culminates  In  death. 

In  our  opinion,  an  essential  defect  In  this  classification  Is  the 
fact  that  It  does  not  accord  the  Initial  degrees  of  hypoxia  the  atten¬ 
tion  that  they  merit.  According  to  this  classification,  the  first  de¬ 
gree  of  hypoxia  would  encanpass  too  broad  a  range  of  physiological 
states  developing  In  the  organism  as  the  pOg  Is  lowered  to  120-90  mm  Hg. 
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Further,  this  classification  does  not  clve  adequate  conclclerat ion 
to  the  objective  Indices  to  changes  In  the  organism’s  physiological 
functlcms;  the  basic  attention  Is  devoted  to  the  partial  pressure  of 
the  oxygen  In  the  arterial  blood  and  the  oxygen  saturation  of  the  ar¬ 
terial  hemoglobin  -  extren^ly  Important  Indices,  but  not  the  only  ones 
that  decide  the  state  of  the  organism. 

In  recent  years,  there  has  appeared  a  tendeny  to  classify  degrees 
of  hypoxia  In  terma  of  Individual  physiological  Indices  and  their  com¬ 
plexes  of  symptoms,  which  are  amenable  to  automatic  registration  and 
can  provide  objective  Information  on  the  severity  of  the  hypoxic  state. 
Thus,  Noel'  (1950)  proposed  that  stages  In  hypoxia  be  distinguished  on 
the  basis  of  the  corresponding  electroencephalogram  changes.  Noel'  re¬ 
garded  the  appearance  of  slow  fluctuations  at  a  frequency  of  six  per 
second  and  slower  as  a  symptom  of  hypoxia  representing  a  threat  to  the 
pilot.  As  we  know,  however,  the  electroencephalogram  may  be  of  Impor¬ 
tance  In  the  diagnosis  only  of  an  uncompensated  hypoxic  state.  Even  In 
the  development  of  the  fourth  stage  of  hypoxia,  orientation  to  the 
electroencephalogram  may  lead  us  to  erroneous  conclusions,  since  In 
some  cases  depression  of  the  biocurrents  may  occur  even  after  respira¬ 
tion  has  stopped. 

Included  In  the  present  collection  Is  a  paper  by  V.B.  Malkin,  In 
which  Is  proposed  that  the  severity  of  hypoxic  states  be  determined 
automatically  cxi  the  basis  of  simultaneous  registration  of  such  Indices 
to  the  physiological  functions  as  the  electroencephalogram,  electrocar¬ 
diogram,  respiratory  movements,  arterial  pressure  and  the  oxygen  satura¬ 
tion  of  the  arterial  blood,  with  the  information  being  fed  to  an  auto¬ 
matic  device  that  would  signal  the  degree  of  the  hypoxic  state.  Here 
V.B.  Malkin  proposes  that  four  stages  of  hypoxia  be  distinguished. 

The  first  would  be  the  stage  of  stable  adaptation,  when  the  devel- 
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at  all  or  change  Insignificantly.  The  MOD  [reLplratory  minute  volume] 
increases.  The  MOD  Increase  may  reach  4-505^;  IS)  either  shows  no  chanr^e 
or  rises  Insignificantly  (3-lC^);  19)  no  marked  changes.  R-R  cycle  may 
be  shortened;  20)  9^-89;  21)  within  normal  limits;  22)  either  does  not 
change  or  increases  insignificantly;  23)  within  normal  limits;  24)  1-3 
thousand  meters  in  the  hypobarlc  chamber;  1-2  thousand  meters  in  the 
mountains  (in  the  first  few  days  of  a  sojourn);  25)  II.  Compensated  hy¬ 
poxia;  26)  a  feeling  of  heaviness  in  the  head  and  the  entire  body  arises. 
The  subject  say  experience  headache,  nausea,  accelerated  beating  of  the 
heart.  Mental  and  physical  work  requires  effort.  Motions  slowed  down; 

27)  strength  of  c«idltloned  reflexes  decreases,  and  latent  period  be¬ 
comes  longer.  All  forms  of  internal  inhibition  are  disturbed,  and 
coarse  differentiations  are  dlslnhlblted.  Hypnold  phasic  states  are  ob¬ 
served.  The  rate  of  speech  slows  down,  and  we  note  a  deterioration  in 
the  quality  of  the  speech  reactions,  difficulty  in  forming  new  verbal 
associations;  28)  quickening  of  the  electrical  oscillations  may  be  ob¬ 
served,  with  an  increase  in  their  aunplitude;  29)  respiration  may  become 
more  frequent;  the  MOD  Increases  by  (approximately)  20-805^;  30)  increas¬ 
es  by  6-305^;  31)  the  P  and  T  waves  are  flattened  cut  and  the  R-wave 
subsides,  but  may  increase  in  some  cases.  R-R  becomes  shorter  due  to  a 
decrease  in  the  T-P  interval;  32)  88-70;  33)  decreases,  usually  due  to 
a  relatively  small  drop  in  the  oxygen  saturation  of  the  venous -blood 
hemoglobin;  3^)  Increases  as  compared  with  normal  values;  35)  decreases; 
36)  4-5  thousand  meters  in  the  hypobarlc  chamber;  3-4  thousand  meters  in 
the  mountains;  37)  HI*  Distinct  hypoxia,  with  decompensation  setting  in 
(with  stressed  activity  of  the  I'eflex  compensatory  mechanisms);  38) 
headache,  nausea,  presyncoplc  state  with  pallor,  perhaps  twitching  of 
the  eyelids  and  facial  muscles;  39)  deepening  of  phasic  hypnold  states. 
Predominance  of  diffuse  Inhibition;  40)  the  changes  in  the  EEG  are  most 
pronounced.  The  voltage  of  the  biocurrents  diminishes  and  the  rhythm 
becomes  slower  and  more  distinct,  as  is  observed  in  a  faint;  spindle- 
shaped  volleys  may  be  observed.  Slow  oscillations  appear;  4l)  the  MOD 
increases  by  a  factor  of  two  or  more,  and  respiration  quickens  markedly 
in  most  subjects;  42)  quickening  exceeds  SOJt  of  initial  norm;  43)  the 
EKG  becomes  lower  in  voltage,  with  only  the  amplitude  of  the  T-wave  in¬ 
creasing.  R  diminishes,  and  changes  in  the  duration  of  the  P-Q  and  Q-T 
Intervals  may  be  observed;  44)  70-40;  45)  Increases;  46)  distinct  hypo¬ 
capnia;  47)  5*5-7  thousand  meters  in  the  hypobarlc  chambers;  4.5-6 
thousand  meters  in  the  mountains;  48)  IV.  Uncompensated  hypoxia  (with 
disturbance  to  the  activity  of  reflex  adaptive  mechanisms);  49)  loss  of 
consciousness,  convulsions.  Involuntary  micturition  and  defecation  pos¬ 
sible;  50)  the  MOD  is  lower  than  in  the  preceding  stage,  but  may,  in 
some  cases,  remain  higher  than  at  normal  atmospheric  pressure.  Respira¬ 
tion  of  the  periodic  type  may  be  observed;  51 )  pulse  slackens  as  com¬ 
pared  with  previous  stage;  52)  increase  in  duration  of  R-R  cycle,  pro¬ 
longation  of  P-Q  and  Q-T,  further  decrease  in  EKG  voltage,  disappear¬ 
ance  of  P,  appearance  of  a  high  T  or  transition  of  T  to  the  negative, 
appearance  of  an  S-T  shifted  in  either  direction  from  the  Isollne;  53) 
below  40;  54)  reduced;  55)  has  decreased  as  compared  with  the  previous 
stage,  but  may  nevertheless  remain  above  the  normal  level;  56)  8-9 
thousand  meters  in  the  hypobarlc  chamber;  57)  terminal  hypoxia;  58) 
agonal  state;  59)  sharp  deceleration  of  respiration  to  3-2-1  per  minute, 
total  cessation  of  breathing  possible;  60)  sinus  rhythm;  6I)  decline  In 
cardiac  activity.  High,  sharp-peaked  T;  62)  below  20;  63)  reduced;  64) 
considerably  lower  than  under  normal  conditions;  65)  10-11  thousand  in 
the  altitude  chamber. 
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opment  of  adaptive  rc-epiratory  and  clrculator-y  reaotlooc  Ic  otlll  '.jpa 
blc  of  malntalnlnr:  the  functional  state  of  the  oentral  nervou::  oyote::. 
at  an  adequately  high  level.  According  to  V.E.  Malkin,  this  stare  cov¬ 
ers  the  states  In  which  the  oxygen  saturation  ol"  the  arterial  blood  rr.a 
drop  below  35  and  even  reach  60^. 

The  second  Is  the  stage  of  uncompensated  oxygen  deficiency,  v/her. 
the  oxygen  saturation  of  the  arterial  blood  drops  below  60^. 

The  third  Is  the  stage  of  profound  derangement  In  the  activity  of 
the  central  nervous  system,  total  loss  of  the  ability  to  perform  v;ork 
due  to  loss  of  consciousness,  the  appearance  of  clinical  convulsions 
and  other  severe  disturbances,  a  quickening  of  respiration  to  a  level 
above  30-35  per  minute  or  suspension  of  respiration  for  longer  than  ^5 
30  seconds,  and  a  more  than  fourfold  Increase  In  the  energy  of  the  ele 
troencephalogram  low-frequency  spectrum. 

The  fourth  Is  the  stage  of  disturbances  to  respiration  and  circu¬ 
lation  that  pose  a  threat  to  life,  suspension  of  respiration,  drop  in 
blood  pressure,  depression  of  biocurrents. 

Something  of  unquestionable  value  In  the  author's  suggestion  is 
his  desire  to  find  an  automatic  method  for  determining  the  degree  of 
hypoxia  -  a  technique  based  on  taking  account  of  changes  In  a  set  ci 
physiological  Indices  amenable  to  objective  registration.  However,  th’. 
actual  classification  submitted  by  V.B.  Malkin  can  hardly  be  regarded 
as  a  happy  one.  First  of  all,  the  first  stage  of  hypoxia  according  to 
V.B.  Malkin  covers  a  wide  variety  of  states  of  the  organism  In  vjhich 
the  oxygen  saturation  of  the  arterial  blood  drops  to  60^,  thus  embrac¬ 
ing  two  of  the  periods  distinguished  by  Henderson  and  Van  Slyke.  Essen 
tlally,  this  classification  falls  to  give  a  conception  of  varying  de¬ 
grees  In  the  compensated  hypoxic  state.  Moreover,  taking  the  Initial 
stages  of  hypoxia  and  its  development  Into  consideration  may  be  of 
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V.B.  Malkin  again  combinee  different  states  of  the  organism  under 
his  second  stage  of  hypoxia.  Basically,  he  ascribes  importance  wily  to 
those  indices  that  attest  to  a  condition  already  threatening  the  life 
of  the  organism,  indices  that  are  so  obvious  that  they  do  not  require 
complex  instrumentation  to  register  them. 

In  this  classification,  the  third  and  fourth  stages  of  hypoxia  are 
essentially  statements  of  preterminal  states. 

As  will  be  seen  fron  the  literature  data  presented  above,  very 
little  attention  has  thus  far  been  devoted  in  classifications  of  de¬ 
grees  of  acute  hypoxic  hypoxia  to  early  changes  in  the  functioning  of 
the  brain’s  higher  divisions,  and,  in  particular,  to  changes  in  higher 
nervous  activity^  also,  virtually  ignored  are  early  changes  in  the  veg¬ 
etative  functions  -  respiration,  cardiac  activity,  and  the  like.  On  at¬ 
tentive  study  of  these  indices,  however,  it  becomes  obvious  that  the 
gravity  of  a  hypoxic  state  may  be  Judged  quite  objectively  from  the  en¬ 
semble  of  these  changes,  taking  into  account  the  Indices  of  arterial 
and  venous  hypoxemia  (percentage  saturation  of  the  arterial  and  venous 
hemoglobin,  content  of  oxygen  in  the  arterial  and  venous  blood)  and  the 
oxygen  uptake  by  the  organism  as  a  whole. 

Taking  into  account  changes  in  the  functions  of  the  central  ner¬ 
vous  system,  respiration,  cardiac  activity  and  humoral  shifts  In  hypox¬ 
ia,  we  have  proposed  that  the  following  stages  be  distinguished  in  the 
hypoxic  state:  the  stage  of  latent  hypoxia,  the  stage  of  compensated 
hypoxia,  the  stage  of  manifest  hypoxia  with  onset  of  decompensation, 
the  stage  of  uncompensated  hypoxia  and  the  terminal  stage. 

In  the  first  stage,  an  amplification  of  external  respiration  com¬ 
pensates  the  organism  for  the  shortage  of  oxygen  In  the  Inspired  air. 

An  effect  of  the  subnormal  oxygen  partial  pressure  on  the  organism  can 
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be  detected  only  by  special  objective  tests,  since  it  is  almost  imper¬ 
ceptible  subjectively;  the  0  3Qrgen  saturation  of  the  arterial  blood 
drops  insignificantly,  to  94-89Jt. 

In  the  second  stage,  amplification  of  the  external  respiration, 
taken  alone,  is  no  Icsiger  sufficient;  other  mechanisms  -  primarily  an 
Increase  in  the  blood  supply  to  vitally  Important  organs  -  also  parti¬ 
cipate  in  compensating  the  oxygen  deficit.  The  tissues  still  receive 
Og  in  considerable  quantities  even  in  manifest  hypoxemia.  In  this  stage, 
the  hypoxia  is  perceived  not  only  objectively  (marked  disturbances  ap¬ 
pear  in  higher  nervous  activity,  the  EEG  and  EKQ  change,  and  so  forth), 
but  subjectively  as  well,  since  the  ability  to  work  diminishes  and  the 
subject  begins  to  feel  poorly.  The  Og  saturation  of  the  arterial  blood 
drops  to  88-70ji. 

In  the  third  stage,  despite  the  stressed  activity  of  the  numerous 
reflex  mechanisms,  tissue  hypoxia  begins  to  appear.  Decompensation  with 
total  loss  of  ability  to  perform  work  sets  in.  The  presyncoplc  state  is 
observed.  The  Og  saturation  of  the  arterial  blood  drops  below  70$^  (as 
far  as  40$^). 

In  the  fourth  stage,  the  activity  of  such  adaptive  mechanisms  as 
the  amplification  of  external  respiration  and  circulation  is  disturbed 
and  the  subject  loses  consciousness.  Here  the  Og  saturation  of  the  ar¬ 
terial  blood  is  below 

The  fifth  terminal  stage  is  the  agonal  state. 

The  most  essential  changes  in  the  physiological  functions  in  acute 
hypoxic  hypoxia  are  indicated,  as  related  to  our  viewpoint,  in  the  at¬ 
tached  table  (see  foldout). 

It  goes  without  saying  that  the  table  submitted  here  is,  like  oth¬ 
ers,  schematic  and  Incomplete.  We  believe,  however,  that  it  may  serve 
as  the  foundation  upon  which  a  more  perfect  characterization  of  the  de- 
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grees  of  acute  hypoxic  states  may  be  built  (we  are  concerned  here  pri¬ 
marily  with  hypoxic  hypoxia  In  middle-aged  persons). 
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75^  MOfl  a  MOD  *  minutnyy  ob”Yem  dykhaniya  respiratory  minute 

volume 


[Footnote) 

Printed  as  material  for  discussicxi. 
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FUNDAMEOTALS  F(H  AUTOMATIC  DIAGNOSIS  OF  THE  HYPOXIC  STATE* 

V.B.  Malkin 
(Moscow) 

The  experience  that  has  been  accumulated  in  many  years  of  study  of 
acute  oxygen  starvation  arising  In  animals  and  man  on  "ascents”  In  the 
hypobarlc  chamber  and  under  surface  conditions  on  Inspiration  of  oxygen - 
deficient  gas  mixtures  has  made  It  possible  to  approach  the  solution  of 
a.  new  problem  -  the  development  of  a  medical  program  for  a  diagnostic 
machine  that  automatically  signals  the  development  of  hypoxic  hypoxia 
and  determines  the  gravity  of  the  hypoxic  state. 

To  design  a  diagnostic  machine  that  will  determine  the  presence 
and  depth  of  oxygen  Insufficiency,  It  Is  first  necessary  to  evaluate 
the  various  Indices  (electroencephalogram,  electrocardiogram,  blood 
pressure,  respiration,  oxygen  saturation  of  arterial  blood,  and  so 
forth)  that  can  be  used  for  diagnostic  purposes.  Here,  the  object  of 
the  investigation  determines  to  a  major  degree  the  manner  In  which  the 
corresponding  physiological  Information  will  be  processed. 

The  polygraphic,  method  of  registering  the  basic  physiological 
functions,  with  simultaneous  quantitative  determination  of  some  of  the 
most  significant  physiological  shifts,  has  been  a  methodolcglcal  ap¬ 
proach  that  meets  the  basic  research  requirements. 

This  methodological  approach  enables  us  to  compare  hypoxic  shifts 
In  various  functional  systems  and  Isolate  complexes  of  symptoms  that 
characterize  qualitative  changes  In  the  physiological  state,  1-e.,  to 
establish  the  various  stages  in  oxygen  starvation. 
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Analysis  of  examinations  made  on  318  persons  In  whom  acute  ozy.^on 

starvation  developed  Indicated  that  as  a  rule,  and  despite  the  fact 
that  consistent  changes  in  the  functional  states  of  the  basic  physio¬ 
logical  systems  are  observed  during  the  development  of  hypoxic  hypoxia, 
none  of  the  indices  characterizing  the  activity  of  the  circulatory, 
respiratory  or  central  nervous  systems  can,  by  Itself,  be  used  for  di¬ 
agnosis  of  the  depth  of  acute  oxygen  starvation. 

It  should  be  noted  that  the  various  indices  are  not  all  of  the 
same  value  for  diagnosis  of  the  hypoxic  state.  It  can,  for  example,  be 
shovm  that  the  electroencephalogram,  which  enables  us  to  follow  hypoxic 
changes  in  the  bioelectric  activity  of  the  brain,  is  of  exceptionally 
great  importance  in  determining  the  depth  of  oxygen  insufficiency.  How¬ 
ever,  even  this  index,  when  evaluated  in  Isolation,  is  found  Inadequate 
In  many  cases  for  evaluation  of  the  hypoxic  state. 

The  results  of  the  investigation  made  provide  a  basis  for  the  as¬ 
sumption  that  in  setting  up  the  physiological  algorithm,  it  will  be 
most  expedient  to  single  out  symptom  complexes,  l.e.,  to  combine  hypox¬ 
ic  changes  in  various  physiological  systems  Into  groups  such  as  will 
characterize  essential  changes  In  the  physiological  state.  Here  It  Is 
Important  to  submit  symptom  ccmiplexes  that  characterize  the  depth  of 
oxygen  starvation.  In  this  connection.  It  has  become  necessary  to  pro¬ 
vide  at  least  a  schematic  description  of  the  various  stages  In  acute 
oxygen  starvation. 

V/e  propose  to  distinguish  four  stages  In  the  development  of  acute 
hypoxic  hypoxia. 

I.  Stage  of  stable  adaptation.  In  this  stage  of  hypoxia,  the  de¬ 
velopment  of  adaptive  reactions  on  the  part  of  respiration  and  blood 
circulation  is  still  sufficient  to  maintain  the  functional  state  of  the 
central  nervous  system  on  an  adequately  high  level.  There  Is  no  essen- 
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tlal  decrease  here  In  the  ability  of  the  Individual  to  perform  work. 

II.  Stage  of  inadequate  effectiveness  of  the  adaptive  reactlonc, 
which  may  be  characterized  as  the  stage  of  uncompensated  oxygen  Insuf¬ 
ficiency.  As  regards  the  nature  of  changes  in  the  physiological  func¬ 
tions,  this  stage  manifests  in  two  forms:  either  in  derangement  of  the 
adaptive  reactions  -  disturbances  to  the  c  rculatory  regulation  (acute 
bradycardia,  drop  In  arterial  pressure,  and  so  forth),  or  in  disturb¬ 
ances  to  the  activity  of  the  central  nervous  system  In  spite  of  a  man¬ 
ifest  augmentation  of  the  circulatory  and  respiratory  functions  -  dis¬ 
turbances  that  are  reflected  on  the  electroencephalogram  (EEG)  in  the 
form  01  a  slackening  of  Its  rhythm. 

Timely  diagnosis  of  this  stage  in  hypoxia  Is  of  great  practical 
Importance,  since  the  ability  to  perform vork  diminishes  markedly  when 
It  develops,  as  can  be  Judged  from  disturbances  to  the  coordination  of 
fine  motor  habits  -  Illegibility  of  handwriting,  a  considerable  drop  In 
the  quantity  and  quality  of  work  done,  falling  of  the  memory,  and  so 
forth.  A  highly  Important  point  is  the  fact  that  consciousness  is  still 
adequately  preserved  in  this  stage  of  hypoxia,  so  that  the  oxygen- 
shortage  signal  can  find  a  sensible  response. 

III.  The  stage  of  profound  derangements  to  the  activity  of  the 
central  nervous  system  can  be  defined  as  the  third  stage  In  the  devel¬ 
opment  of  acute  hypoxic  hypoxia.  Total  loss  of  ability  to  work  result¬ 
ing  from  loss  of  consciousness;  the  appearance  of  clonic  convulsions 
and  other  severe  disturbances  characterize  this  stage. 

A  timely  signal  warning  of  the  onset  of  the  third  stage  In  hypoxia 
Is  of  great  Importance  If  assistance  Is  to  be  rendered  quickly,  for  ex¬ 
ample,  by  switching  on  an  emergency  oxygen  supply.  As  a  rule,  restora¬ 
tion  of  normal  breathing  conditions  results  In  rapid  disappearance  of 
the  hypoxic  disorders  and  restoration  of  ability  to  perform  work. 
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Research  studies  made  on  various  species  or  animals  have  mauc  It 

possible  to  distinguish  a  fourth  stage  —  the  stage  of  respiratory  and 
circulatory  disturbances  that  pose  a  threat  to  life. 

The  proposed  breakdown  of  acute  hypoxic  hypoxia  Into  four  stages 
Is  only  one  of  the  possible  schemes  and  thus  has  certain  disadvantages. 
For  the  purposes  of  diagnosis «  however.  It  appears  to  us  to  be  quite 
Justified. 

The  manifestaticm  of  these  stages  In  acute  hypoxic  hypoxia  depends 
on  the  extent  to  which  the  oxygen  {»irtial  pressure  In  the  Inspired  air 
has  diminished,  i.e.,  on  the  rate  of  development  of  the  hypoxic  state. 
Vfhen  the  oxygen  partial  pressure  in  the  Inspired  air  drops  rapidly  and 
by  a  considerable  amount,  there  is  no  first  stage,  and  the  manifesta¬ 
tions  of  the  second  and  third  stages  occupy  very  short  spans  of  time. 
This  Is  of  great  importance  for  the  diagnosis,  since  IO-I5  sec  are  re¬ 
quired  to  establish  it. 

Precise  and  timely  diagnosis  of  the  uncompensated  hypoxic  state  Is 
of  particularly  great  Importance  In  ensuring  the  safety  of  high -alti¬ 
tude  aviation,  since  the  basic  problem  Is  protecting  the  crew  from  the 
development  of  acute  oxygen  starvation,  which  Impairs  ability  to  per¬ 
form  work. 

The  development  of  a  medical  program  for  an  automatic  hypoxia 
warning  system  required  not  only  thorough  study  of  experimental  data 
available  In  the  literature,  but  also  necessitated  conducting  new  re¬ 
search  using  the  polygraphlc  method  In  combination  with  quantitative 
determination  of  some  of  the  most  Important  physiological  shifts. 

In  performing  this  work,  we  made  an  effort  to  accumulate  a  suffi¬ 
ciently  large  volume  of  factual  material,  that  Is,  enough  to  yield  stat 
Istlcally  dependable  results.  To  prevent  spurious  actuation  of  the  warn 
Ing  device.  It  was  necessary  to  take  account  of  individual  differences 
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In  the  reactions  of  the  various  experimental  Individuals.  The  basic 
condltlcxi  that  the  program  (physiological  algorithm)  of  the  device’s 
operation  had  to  meet  Is  that  no  symptcxn  complex  characterizing  the 
developnent  of  the  uncompensated  hypoxic  state  may  correspond  to  a  ccm- 
plex  of  symptoms  symbolizing  a  normal  physiological  state.  Here,  the 
functional  shifts  In  the  stage  of  canpensated  hypoxia  can  also  be  iden¬ 
tified  provisionally  as  normal.  In  this  connection.  It  becomes  reason¬ 
able  to  Introduce  the  concept  of  stress-norm,  l.e.,  that  functional 
"stress"  that  does  not  yet  reflect  the  develofanent  of  a  pathological 
state. 

It  should  be  noted  here,  however,  that  this  Is  a  new  problem, 
since  the  concept  of  the  "norm"  has  generally  been  associated  up  to  now 
with  the  conditions  of  physiological  rest. 

In  writing  up  the  warning  system’s  operating  program.  It  is  neces¬ 
sary  to  evaluate  each  physiological  parameter  characterizing  the  hypox¬ 
ic  state  not  only  qualitatively,  but  also  quantitatively  to  the  great¬ 
est  possible  extent. 

Since  evaluation  of  changes  In  physiological  parameters  Is  basic 
to  the  construction  of  the  logic  chart  for  the  signal-device  program. 

It  will  be  worthwhile  to  dwell  briefly  on  this  aspect  of  the  problem. 

The  hypoxic  state  was  diagnosed  on  the  basis  of  analysis  of  the 
electroencephalogram,  electrocardiogram,  respiratory  movements,  arter¬ 
ial  blood  pressure  and  the  oxygen  saturation  of  the  arterial  blood. 
OXYGEN  SATURATION  OF  ARTERIAL  BLOOD 

Following  practical  adoption  of  the  photometric  method  for  deter¬ 
mining  the  oxygen  saturation  of  the  arterial  blood  (oxyhemometry ) ,  cer¬ 
tain  Investigators  (Oplts,  Shtrugkhol’d  and  others,  have  been  Inclined 
to  feel  that  this  research  method  could  be  used  successfully  to  diag¬ 
nose  the  hypoxic  state.  This  viewpoint  Is  based  on  the  fact  that  there 
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Is  rigorous  correspondence  between  the  extent  to  which  the  oxygenation 

of  the  arterial  blood  has  fallen  off  and  the  gravity  of  the  hypoxic 
state. 

Experience  gained  In  "hl^-altltude  ascents"  In  the  hypobarlc 
chamber  has  made  It  possible  to  establish  a  definite  parallelism  be¬ 
tween  the  decrease  In  oxygen  saturatlcxi  of  the  arterial  blood  and  the 
altitude  of  ascent.  Significant  Individual  differences  In  the  blood 
oxygen  eaturatl(xi  have  been  detected.  Thus,  the  oxygen  saturation  var¬ 
ied  from  83-60ji  In  different  Individuals  taken  up  to  an  altitude  of 
5000  m.  With  Increasing  altitude,  this  difference  became  smaller,  and 
at  7000  m,  the  oxygen  saturation  of  the  arterial  blood  was  varying  from 
72  to  555<. 

The  occurrence  of  significant  Individual  variations  In  the  oxygen 
saturatlcxi  of  the  arterial  blood  makes  It  difficult  to  evaluate  this 
Indicator  for  diagnostic  purposes.  Most  essential,  however.  Is  the  fact 
that  It  Is  not  possible  to  establish  strict  dependence  between  the 
gravity  of  the  hypoxic  state  and  the  decrease  In  the  arterial  blood 
oxygen  content.  Occasional  cases  occur  here  of  Individuals  with  abnor¬ 
mally  high  sensitivity  to  hypocapnia,  when  profound  disturbances  to 
circulation  and  the  activity  of  the  central  nervous  system  arise 
against  a  background  of  relatively  high  blood  oxygen  saturation  (85- 
80515).  In  sane  studies,  however.  It  has  been  noted  that  a  considerable 
decrease  In  the  oxygenation  of  the  blood  (to  65-605^)  is  still  not  ac¬ 
companied  by  the  development  of  a  serious  hypoxic  state. 

Thus,  we  may  draw  the  conclusion  that  a  decrease  in  the  oxygen 
saturation  of  the  arterial  blood  Indicates  the  development  of  hypoxic 
hypoxia,  but  It  does  not,  as  a  rule,  justify  an  Inference  as  to  the 
gravity  of  oxygen  starvation.  Only  on  a  very  sharp  drop  (to  6055  and  be¬ 
low)  can  It  be  stated  with  certainty  that  an  uncanpensated  hypoxic 
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state  is  developing  In  these  cases. 

In  view  of  the  above,  we  have  Introduced  two  values  of  the  change 
In  the  oxygen  saturation  of  the  arterial  blood  Into  the  diagnostic 
symptom  complex  (the  machine  program):  a  decrease  In  saturation  to  85^ 
and  below  and  a  decrease  to  60$^  and  below. 

RESPIRATION 

The  results  of  the  respiration  study  permitted  us  the  conclusion 
that  when  an  uncompensated  hypoxic  state  develops  In  a  healthy  Individ  • 
ual  (this  Includes  cases  In  which  consciousness  Is  lost),  the  changes 
In  the  rhythm,  frequency  and  depth  of  the  respiratory  movements  dc  not 
follow  a  consistent  pattern.  The  assertions  of  certain  authors  to  the 
effect  that  derangement  of  the  regular  respiratory  rhythm  ("periodic'' 
respiration)  Indicates  that  the  test  subject  has  a  low  tolerance  for 
hypoxia  were  not  confirmed  In  our  Investigations. 

The  results  of  experiments  on  animals  Indicate  that  certain  chang¬ 
es  In  respiration  -  the  development  of  hypoxic  apnoea  and  terminal  res¬ 
piration  “  are  of  great  Importance  for  diagnosis  of  severe  hypoxic 
states  that  represent  a  threat  to  life.  Hence  parameters  characterizing 
only  the  depth  of  the  respiratory  disturbance  have  been  Introduced  Into 
the  diagnostic  complexes:  suspension  of  respiration  by  more  than  25-30 
sec  and  an  Increase  In  the  respiratory  frequency  to  higher  than  30-33 
per  minute. 

BLOOD  CIRCULATION 

Changes  In  blood  circulation  during  the  development  of  acute  oxy¬ 
gen  starvation  are  of  great  diagnostic  importance. 

While  characteristic  changes  appear  on  the  electrocardiograms  of 
patients  suffering  from  cardiovascular  diseases  as  acute  oxygen  starva¬ 
tion  develops:  a  shift  In  the  S-T  Interval  to  a  position  below  the  Iso¬ 
electric  line,  T-wave  Inversion,  and  so  forth,  all  forming  a  basis  for 
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Jud^'cments  ac  to  the  severity  of  the  disease  (Levi,  Goi’din  and  others) 

these  EKQ  changes  do  not,  as  a  rule,  occur  in  practically  healthy  In¬ 
dividuals.  In  such  people,  the  most  characteristic  chan:ies  are  the  de- 
velojMnent  of  sinus  tachycardia,  flatteninp"  of  the  T-waves  and  a  subsi¬ 
dence  of  the  and  R2  waves.  However,  there  is  no  strict  correlation 
between  the  extent  to  which  these  changes  are  manifested  and  the  gravi¬ 
ty  of  the  hypoxic  state.  Consequently,  they  cannot  be  used  for  diagnos¬ 
tic  purposes. 

As  indicated  by  our  experience  and  certain  literature  data  (Shney- 
der,  Tltel',  and  others),  the  dynamics  of  the  changes  in  cardiac  rhythm 
are  of  essential  Importance  for  diagnosis  of  the  uncompensated  hypoxic 
state.  A  considerable  and  abrupt  drop  in  the  frequency  of  cardiac  con¬ 
tractions  is  of  diagnostic  importance  because  it  precedes,  or  coincides 
in  time  with,  the  development  of  the  uncompensated  hypoxic  state.  In 
evaluating  the  physiological  essence  of  this  symptom.  It  should  be  not¬ 
ed  that  It  reflects  functional  shifts  in  the  nervous  apparatus  regulat¬ 
ing  the  cardiac  activity,  and  not  hypoxic  changes  In  the  myocardium  it¬ 
self. 

In  diagnosis  of  the  4th  stage  of  hypoxia  —  that  of  states  posing  a 
threat  to  life  -  such  profound  changes  in  the  EKG  as  polytoplc  ventrlcu 
lar  extrasystoly ,  fibrillation  of  the  ventriv^lcs,  and  various  degrees 
of  inhibition  of  cardiac  activity  (syncope)  are  of  great  Importance. 
These  diatuAances  to  cardiac  activity  may  be  introduced  into  the  ap¬ 
propriate  diagnostic  symptom  complexes. 

BLOOD  PRESSURE 

The  absence  of  a  dependable  method  for  continuous  determination  of 
arterial  pressure  in  the  human  makes  it  extremely  difficult  to  use  this 
highly  Important  circulatory  index  for  diagnostic  purposes.  According 
to  our  proposal,  periodic  determination  of  blood  pressure  must  be  ac- 


compllshed  when  certain  shifts  arise  In  the  pulse  frequency.  Accordin': 
to  data  from  the  Investigations  of  Yegorov  and  Aleksandrov,  Shneyder  ct 
al. ,  and  our  own  observations,  the  d8veloi»nent  of  an  uncompensated  hy¬ 
poxic  state  Is,  as  a  rule.  Indicated  by  a  decrease  In  pulse  pressure  as 
a  result  of  a  rise  In  the  diastolic  pressure  while  the  systolic  pres¬ 
sure  either  remains  the  same  or  diminishes,  as  well  as  by  a  10-15  mm  Hg 
or  larger  decrease  In  the  systolic  pressure,  or  by  a  simultaneous  drop 
In  both  the  systolic  and  diastolic  values.  It  must  be  borne  In  mind 
that  hypertension  and,  first  and  foremost,  a  considerable  rise  In  the 
systolic  pressure  occur  frequently  in  acute  oxygen  starvation  during 
the  period  In  which  compensation  Is  still  sufficiently  complete,  and 
therefore  have  no  special  diagnostic  significance. 

THE  ELECTROENCEPHALOGRAM 

In  1949i  In  following  up  a  proposal  by  Kommueller,  Noel'  recom- 
nended  that  certain  changes  In  the  electroencephalogram  -  the  appear¬ 
ance  of  slow  fluctuations  at  frequencies  of  6  per  second  and  lower  -  be 
used  aboard  aircraft  to  signal  the  development  of  hypoxia  to  a  level 
dangerous  for  the  crew. 

The  attempt  to  use  the  EEG  as  a  fundamental  and  self-sufficient 
Index  for  Judgements  as  to  the  gravity  of  the  hypoxic  state  was  based 
on  the  results  of  studies  by  Berger,  Davis,  Davis  and  Thompson,  Korn- 
mueller  et  al.,  Beygel',  Haarstlch,  Pal 'me  and  others,  which  estab¬ 
lished  a  rigorous  relationship  between  the  gravity  of  the  hypoxic  state 
and  the  left  shift  on  the  EEG,  l.e.,  the  appearance  of  slow  fluctua¬ 
tions  on  the  EEG.  As  a  result,  Noel'  even  proposed  (1950)  a  new  classi¬ 
fication  In  which  the  stages  of  hypoxia  were  Identified  In  correspon¬ 
dence  to  shifts  on  the  EEG. 

Our  Investigations  Indicate  that,  despite  the  great  Importance  of 
the  EEG  changes  In  diagnosis  of  the  uncompensated  hypoxic  state,  the 
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EEG  are  found  to  be  inadequate  for  diagnosis  in  a  number  of  cases  v/ilh 
primary  distuxfjanees  to  the  regulatlcxi  of  blood  circulation,  so  that 
they  cannot  be  used  as  the  sole  index  characterizing  the  severity  of 
acute  oxygen  starvation. 

In  develc^ment  of  the  4th  stage  of  hypoxia,  orientation  to  the  EEG 
alone  may  lead  os  tu  erroneous  conclusions,  since  the  depression  of  the 
biocurrents  occurs  In  sone  cases  even  after  resplraticxi  has  ceased,  be¬ 
ing  one  of  the  indicators  of  a  grave  hypoxic  state.  We  have  observed 
this  in  experiments  on  animals  in  which  acute  oxygen  starvation  was  in¬ 
duced  at  various  levels  of  narcosis.  Consequently,  not  even  the  state 
of  narcosis  can  be  Judged  In  all  cases  fron  the  pattern  of  the  brain's 
bioelectric  activity. 

These  observations  are  not  in  Agreement  with  conclusions  drawn  by 
certain  Investigators  who  proposed  the  use  of  electroencephalography 
for  control  of  the  depth  of  narcosis  (Bickford,  1956,  and  others).  It 
should  be  noted  that  this  position  has  been  the  target  of  serious  crit¬ 
icism  in  clinical  anestheslologs'  as  well  (Schneider,  Yefunl). 

Our  data  Indicate  that  diagnostic  Importance  resides  in  the  redls- 
trlbutlcxi  of  energy  in  a  certain  region  of  the  electroencephalographic 
spectrum  —  an  increase  in  the  aimount  of  energy  in  the  low-frequency  re- 
glcx\.  As  the  observations  indicate,  a  relatively  constant  energy  level 
is  observed  in  the  0-  and  A-rhythms  of  practically  healthy  persons  un¬ 
der  normal  conditions.  Studies  in  which  analyses  of  electroencephalo¬ 
grams  were  performed  during  the  developiront  of  acute  oxygen  starvation 
with  integration  of  the  energy  of  various  parts  of  the  spectrum  (using 
integrators  with  V.V.  Kozhevnikov's  discrete  system  and  continuous  ac¬ 
cumulation)  indicated  that  as  a  rule,  an  energy  Increase  in  the  low- 
frequency  spectrum  (2-8  cycles)  by  a  factor  larger  than  two  coincides 
in  time  with  the  development  of  the  stage  of  the  hypoxic  state,  and 
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an  Increase  by  more  than  4  times  to  the  third  stage. 

Depression  of  the  biocurrents  —  a  sharp  drop  In  energy  -  manifests, 
as  a  rule,  in  the  4th  stage  of  the  hypoxic  state.  Hence  we  included  the 
two  degrees  of  energy  Increase  In  the  low-frequency  spectrum  and  de¬ 
pression  of  the  biocurrents  In  the  diagnostic  symptom  complexes. 

In  developing  the  medical  program  for  the  automatic  hypoxia-warn¬ 
ing  system,  the  logical  difficulties  connected  with  writing  up  the  di¬ 
agnostic  symptom  complexes  are  compounded  by  technical  difficulties  of 
no  lesser  import.  They  stem  from  the  Inadequate  reliability  of  the  per¬ 
formance  obtained  from  certain  biosensors  (blood  pressure)  and  the  pos¬ 
sible  appearance  of  various  artefacts,  which  may  result  In  spurious 
triggering  of  the  warning  device. 

Despite  these  difficulties,  however,  there  Is  reason  to  believe 
that  the  problem  of  automatic  diagnosis  of  changes  In  physiological 
state  that  endanger  working  performance  and  threaten  life  -  a  problem 
of  Importance  for  physiology  and  clinical  medicine  --  will  find  Its  so¬ 
lution  In  the  near  future. 

Manu¬ 

script 

Page  [Footnote] 

No. 

759  Printed  as  material  for  discussion. 


i 


FTD-TT -64 -878/1+2 


-  769  - 


